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top  of  the  starting  profile,  bottom  interactions  set  up  at  the  beginning  of  propa- 
gation dominate  the  entire  range  of  calculation.  Figure  4.16  shows  propagation 
across  the  front  for  a  source  at  10  m  depth  at  25  Hz;  receivers  are  at  10  and  250  m 
depth.  The  receiver  plots  contain  overlays  of  the  same  receivers  from  propagation 
across  this  topography  in  both  the  Atlantic  sound  speed  profile  and  the  Arctic 
profile;  the  frontal  case  is  bold,  Atlantic  case  medium,  and  Arctic  case  light. 
From  the  sound  speed  contours  we  see  the  typical  frontal  slant  toward  the  Arctic 
water;  at  depth,  the  frontal  contrast  is  within  the  first  25  km  of  calculation,  while 
at  the  surface  it  is  at  approximately  150  km  range.  Note  that  propagation  along 
this  transect  is  in  primarily  Arctic  type  water;  we  see  no  deep  surface  duct  past 
15  km  range  and  only  the  location  of  strong  sound  speed  gradient  toward  the  sur- 
face changes.  In  the  10  m  receiver  we  see  the  form  of  the  topography  interaction 
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along  this  transect  with  its  slightly  different  bottom  configuration;  propagation 
loss  with  all  three  oceanographic  conditions  is  nearly  identical  at  this  receiver. 
The  minima  near  30  and  80  km  range,  together  with  the  maximum  near  50  km, 
occur  in  a  great  number  of  the  cases.  Additionally,  the  receiver  at  250  m  depth 
shows  great  similarity  in  the  propagation  patterns  between  the  Atlantic  profile 
and  the  frontal  transect;  thus  conditions  at  the  beginning  of  the  profile  have  a 
very  strong  effect  on  propagation.  Note  the  qualitative  difference  in  the  Arctic 
receiver;  the  destination  water  mass  has  relatively  little  effect  on  propagation 
patterns. 

Comparing  this  range-dependent  oceanographic  case  with  the  propagation 
contours  in  either  the  Atlantic  water  or  the  Arctic  water  (figure  4.17)  with  the 
same  source  depth  and  frequency  again  reveals  this  dependency:  propagation 
through  the  Atlantic  water  profile  shows  the  same  pattern  of  bottom  interactions 
and  the  same  qualitative  propagation  patterns  throughout  the  water  column  as 
does  the  propagation  across  the  front.  Alternatively,  propagation  through  the 
Arctic  water  profile  shows  a  diffuse  convergence  zone  propagation  pattern  which 
appears  to  overwhelm  the  bottom  interactions  seen  in  the  other  two  cases.  Note 
in  the  Arctic  water  250  m  receiver  that  sound  levels  in  the  convergence  zones  are 
approximately  120-125  dB  by  175  km  range;  sound  levels  in  the  250  m  receivers 
for  the  frontal  oceanography  and  the  Atlantic  profile  are  about  133  dB  at  the  same 
range.  In  the  Arctic  profile,  a  water-propagating  pattern  seems  to  overwhelm  the 
topographic  effects  seen  in  both  the  frontal  and  Atlantic  cases. 

We  note  that  for  the  Atlantic  profile,  which  is  most  similar  to  the  starting 
profile  of  the  frontal  crossing,  the  main  sound  channel  axis  is  near  780  m  depth; 
for  the  Arctic  profile,  the  main  sound  channel  axis  is  near  590  m  depth  and 
the  sound  speeds  are  considerably  lower  in  the  upper  water  column  than  in  the 
Atlantic  profile.  The  starting  bottom  depth  along  this  transect  is  734  m;  thus 
for  the  Arctic  sound  speed  profile  there  is  some  very  small  amount  of  upward 
refraction  before  the  bottom  is  encountered,  which  the  downward  topography 
will  increase,  permitting  water-refracting  sound  to  propagate  within  close  ranges 
of  the  source.  In  the  Atlantic  sound  speed  profile  with  its  deeper  sound  channel 
axis,  this  topography  configuration  does  not  permit  any  water-refracting  sound 
until  after  25  km  range.  In  the  realistic  frontal  oceanography,  the  shallowing  of 
the  sound  speed  channel  in  conjunction  with  the  deepening  topography  permits 
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water-refracting  sound  after  approximately  10  km.  Apparently  this  is  not  soon 
enough  in  the  propagation  pattern  to  overwhelm  the  bottom-interacting  sound 
that  makes  up  those  topographic  acoustic  patterns  seen  in  the  shallow  receivers, 
and  the  resulting  propagation  patterns  into  the  Norwegian  Sea  are  dominated  by 
the  presence  of  Atlantic  water  at  the  source  location.  At  50  Hz  for  this  source 
depth,  the  bottom  interactions  set  up  at  the  beginning  of  the  propagation  again 
dominated  the  entire  calculation.  Propagation  patterns  appeared  very  sensitive 
to  the  conditions  in  short  ranges. 


4.2.2.2  Realistic  Topography,  Middle  Source 

With  the  source  in  the  center  of  the  starting  water  column,  a  different 
propagation  effect  obtains;  propagation  across  the  front  shows  effects  of  Arctic 
water,  modified  by  bottom  interactions  generated  near  the  source.  Figure  4.18 
shows  propagation  across  the  frontal  transect  for  the  source  at  300  m  depth  at 
25  Hz  with  receivers  at  10  and  750  m.  Overlaid  on  the  receiver  plots  again  are 
the  corresponding  receivers  from  propagation  through  Atlantic  and  Arctic  sound 
speed  profile,  with  frontal  case  bold,  Atlantic  case  medium,  and  Arctic  case  light. 
In  the  10  m  receiver  we  again  see  the  pattern  of  bottom  interactions  in  both  the 
frontal  and  Atlantic  cases,  while  the  750  m  receivers  easily  distinguish  between 
the  three  cases.  The  contour  plot  of  propagation  loss  shows  a  convergence  zone 
propagation  pattern  within  the  sound  channel,  however,  as  does  the  receiver 
at  750  m  depth.  Comparing  this  range-dependent  case  against  the  matching 
propagation  contours  through  the  Atlantic  profile  (figure  4.19,  left)  we  see  in 
that  case  a  broad  interference  pattern  that  appears  to  be  the  bottom  interactions 
that  obtain  for  this  topographic  configuration  and  source  depth.  With  matching 
conditions  in  the  Arctic  profile  (figure  4.19,  right),  however,  once  the  topography 
deepens  enough  to  permit  sound  channel  propagation,  significant  amounts  of 
sound  propagate  to  long  ranges  within  the  channel.  The  regular  pattern  formed 
in  the  channel  axis  is  reminiscent  of  the  propagation  patterns  observed  by  Jensen 
and  Kuperman  (1980b)  and  Collins  et  al.  (1988)  for  their  examples  of  parabolic 
approximation  propagation  in  shallow  water  with  only  the  three  lowest  modes 
excited;  thus  the  particular  choice  of  source  depth  in  this  sound  speed  profile 
with  this  amount  of  bottom  losses  seems  to  filter  out  all  but  a  very  small  number 
of  modes,  probably  two,  in  the  center  of  this  profile.    Traces  of  other  modes 
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exist  and  can  be  seen  as  modifications  to  the  propagation  patterns,  such  as  the 
modulations  of  magnitude  and  the  small  oscillations  near  1400  m  depth  in  the 
contours  of  propagation  loss.  It  would  be  interesting  to  directly  calculate  the 
vertical  modes  for  these  sound  speed  profiles. 

We  can  see  a  similarity  in  the  locations  and  forms  of  these  maxima  in 
the  Arctic-profile  case  to  the  maxima  in  the  convergence  zone  pattern  seen  in 
the  realistic  oceanographic  case,  figure  4.18c.  In  that  case  the  locations  are 
slightly  shifted,  and  the  small-scale  oscillations  similar  to  the  bottom  interacting 
interference  pattern  overlay  the  channel  axis  propagation.  The  750  m  receivers 
clearly  differentiate  between  the  Arctic  profile  pattern  of  oscillations,  the  Atlantic 
profile  interference  pattern,  and  the  realistic  propagation  pattern  which  shows 
traces  of  both.  Thus  for  this  source  depth,  the  sound  in  water-propagating  paths 
was  strong  enough  to  overwhelm  the  interference  effects  caused  by  the  early 
profile;  propagation  patterns  this  time  are  dominated  by  characteristics  of  the 
destination  Arctic  water  mass,  with  modifications  due  to  the  presence  of  Atlantic 
water  at  the  starting  location.  At  50  Hz  with  the  same  source  depth,  propagation 
conditions  across  the  front  again  showed  oceanographic  effects  with  an  overlay 
of  bottom  interaction  interference. 

4.2.2.3  Realistic  Topography,  Near  Bottom  Source 

When  the  source  is  at  600  m  depth,  it  is  very  close  to  the  Arctic  profile 
590  m  sound  channel  axis  and  fairly  close  to  the  Atlantic  profile  780  m  sound 
channel  axis;  we  can  expect  strong  excitation  of  shallow-angle  sound  in  that 
axis.  This  is  indeed  the  case,  as  we  see  in  figure  4.20  for  the  600  m  source  at 
50  Hz  with  realistic  oceanography;  receivers  shown  are  at  10  and  300  m  depth. 
Again,  receivers  are  overlaid  with  corresponding  cases  from  both  Atlantic  and 
Arctic  profiles;  the  frontal  case  is  bold,  Atlantic  case  medium,  and  Arctic  case 
light.  The  contours  of  propagation  loss  show  the  sound  to  be  tightly  constrained 
within  the  sound  channel  axis  around  600  m  depth,  with  a  very  small  amount 
of  vertical  extent.  Comparing  this  case  with  similar  propagation  through  the 
Atlantic  profile  (figure  4.21,  left),  we  see  that  in  the  Atlantic  profile  the  strong 
sound  speed  gradient  between  300  and  600  m  depth,  in  conjunction  with  the 
large  amount  of  loss  to  steeply  propagating  sound  in  shallow  regions,  has  removed 
propagation  paths  with  large  vertical  angle  and  strongly  confined  the  sound  to 
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the  center  of  the  Atlantic  sound  channel  axis  near  750  m  depth.  Propagation  in 
the  range-independent  Atlantic  sound  speed  profile  shows  sound  trapping  in  the 
surface  duct,  which  did  not  appear  in  the  range-dependent  case  due  to  the  lack 
of  duct  beyond  15  km  range.  Additionally,  the  Atlantic  profile  with  its  steep 
gradient  between  300  and  700  m  depth  strongly  confines  sound  to  the  channel 
axis,  while  interactions  with  the  early  shallow  bottom  remove  steep-angle  sound. 
Range-independent  propagation  in  the  Arctic  profile  (figure  4.21,  right),  with  its 
shallower  sound  channel  axis  and  more  gradual  increase  in  sound  speed  toward 
the  surface,  permits  a  greater  range  of  vertical  propagation  around  the  center  of 
the  sound  speed  duct  with  less  bottom  loss  and  thus  greater  ensonification  at  a 
wider  range  of  depths. 

As  might  be  believed,  the  amount  of  ensonification  within  the  duct  in 
the  range-dependent  case  is  intermediate  between  the  duct  sound  magnitudes 
seen  in  either  range-independent  case;  with  the  range  dependent  oceanography, 
sound  levels  in  the  duct  range  between  90  and  95  dB  by  200  km  range.  With 
the  Atlantic  sound  speed  profile  (figure  4.21c)  sound  levels  in  the  duct  are  lower, 
and  range  between  95  and  100  dB  at  the  same  range;  the  increased  bottom  losses 
associated  with  the  stronger  surface  sound  speed  gradient  have  removed  more 
sound  from  the  propagation  pattern.  With  the  Arctic  sound  speed  profile  (figure 
4.21d)  sound  levels  in  the  channel  axis  are  higher,  and  range  between  85  and  90 
dB  by  200  km  range,  as  the  weaker  sound  speed  gradient  in  the  upper  profile  has 
decreased  the  amount  of  bottom  interaction. 

The  10  m  receivers  display  these  effects;  in  the  frontal  case,  there  is  little 
ensonification  of  shallow  regions.  The  10  m  receiver  from  the  Atlantic  profile 
shows  increased  magnitudes  due  to  surface  ducting,  and  the  Arctic  case  shows 
variable  increased  magnitudes  due  to  the  greater  range  of  vertical  propagation 
permitted  with  that  profile.  Note  in  the  300  m  receivers  that  the  frontal  case 
shows  the  same  decreased  magnitudes  due  to  the  strong  downward-refracting 
gradients  in  the  early  profile;  as  the  vertical  tilt  of  the  Iceland-Faeroes  front 
causes  these  gradients  to  shallow,  ensonification  increases  at  the  300  m  receiver 
although  the  greatest  sound  magnitude  remains  trapped  at  the  center  of  the 
channel.  Thus  with  the  source  near  the  bottom  of  the  starting  water  column,  the 
strong  excitation  of  shallow  angle  modes  at  the  center  of  the  channel  and  rapid 
extinction  of  steeper-angle  sound  due  to  bottom  losses  causes  propagation  to  be 
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mostly  limited  to  sound  in  the  channel  axis.  The  location  of  that  channel  axis 
is  determined  by  the  destination  Arctic  water  mass;  the  strong  losses  are  caused 
by  the  interaction  of  the  early  Atlantic  water  mass  with  the  shallow  topography. 
Similar  results  appeared  for  the  25  Hz  case. 


4.2.3  Summary  of  Iceland-UK  Gap  Propagation  Effects 

Propagation  within  the  Iceland-UK  Gap  region  has  been  shown  to  be  ex- 
tremely varied  and  is  difficult  to  generalize,  but  is  governed  by  the  interactions 
of  several  effects.  First,  due  to  the  large  horizontal  range  of  propagation  in  a 
downward-refracting  profile  over  shallow  topography,  the  sound  undergoes  an 
extremely  large  number  of  bottom  interactions  with  different  repeat  distances 
and  incident  angles;  when  the  topography  deepens,  the  sound  field  will  not  con- 
sist of  coherent  uni-directional  beams.  Rather,  at  each  location  the  magnitude 
will  consist  of  sound  travelling  along  various  different  paths.  These  bottom  in- 
teractions will  also  preferentially  filter  out  sound  with  steep  propagation  paths 
due  to  the  smaller  magnitude  of  the  reflection  coefficient  for  steep  angle  sound. 
Changes  in  the  oceanographic  sound  speed  profile  over  this  shallow  topography 
alter  the  horizontal  frequency  of  the  bottom  interactions,  and  thus  adjust  the 
amounts  of  loss. 

Additionally,  in  many  of  the  calculations  shown,  a  complex  propagation 
pattern  appeared  that  was  almost  invariant  to  oceanography  and  thus  was  at- 
tributed to  the  topography.  The  appearance  of  this  pattern  was  stronger  for  shal- 
lower sources,  which  were  more  strongly  bottom-interacting  due  to  their  weaker 
excitation  of  shallow-angle  modes  in  the  center  of  the  sound  channel.  The  form 
of  this  topographically  induced  pattern  is  not  understood  due  to  the  complexity 
of  the  topographic  variations. 

Deeper  sources  closer  to  the  sound  channel  axis  (which  was  close  to  the 
shallow  bottom)  will  excite  the  shallow-angle  modes  in  the  center  of  the  sound 
channel  more  greatly;  thus  their  propagation  patterns  were  more  strongly  affected 
by  the  oceanography  and  its  variations  with  range.  Topographic  losses  still  occur 
over  the  early  propagation  range,  but  their  magnitude  is  less  due  to  the  larger 
amount  of  shallow-angle  sound. 
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Propagation  along  the  transect  containing  the  developing  eddy  primarily 
showed  the  effects  of  the  increased  bottom  losses  due  to  the  strongly  downward- 
refracting  gradient  at  its  base.  These  increased  losses  more  effectively  removed 
the  steep-angle  sound  than  did  the  oceanographic  fields  without  the  eddy.  Fig- 
ure 4.22a  schematizes  these  eddy-induced  losses,  while  figure  4.22b  shows  range- 
independent  fields  for  comparison.  The  increased  losses  due  to  the  eddy  ef- 
fectively remove  all  but  the  shallowest-angle  sound  in  the  center  of  the  sound 
channel,  reducing  sound  magnitudes  by  10-15  dB  in  the  channel  and  20-25  dB 
elsewhere.  Different  source  depths  will  excite  different  amounts  of  shallow-angle 
modes  so  the  propagation  pattern  will  depend  strongly  on  source  depth,  but  the 
effect  of  the  eddy  will  always  be  to  remove  preferentially  the  steeper-angle  sound. 

Propagation  along  the  transect  across  the  Iceland-Faeroes  front  resulted 
in  sound  patterns  revealing  the  effects  of  both  water  masses,  that  at  the  source 
and  that  at  greater  distance.  Figure  4.22c  schematizes  propagation  across  the 
frontal  transect,  showing  strong  downward  refraction  due  to  the  deep  steep  sound 
speed  gradient  in  the  early  Atlantic  water  mass,  followed  by  propagation  closely 
limited  to  the  center  of  the  sound  channel.  In  figure  4.22c,  the  wide-angle  long 
range  path  is  drawn  dashed  to  indicate  that  sound  did  propagate  in  wider  angle 
paths,  but  with  greatly  reduced  intensity  compared  with  the  shallower  angle 
sound  (20-25  dB  less). 

For  comparison,  figure  4.22d  schematizes  propagation  through  Atlantic 
water  sound  speed  fields,  with  the  surface  duct  trapping  some  sound  near  the 
surface  and  the  deep  strong  gradient  which,  in  conjunction  with  the  shallow 
topography,  strongly  confines  sound  to  the  channel  axis.  Figure  4.22e  shows 
propagation  patterns  in  the  Arctic  water  sound  speed  fields,  with  the  shallow- 
angle  sound  bold  and  the  wide-angle  sound  light,  to  indicate  relative  intensities. 
Comparing  propagation  across  the  front  with  the  two  range  independent  cases,  we 
see  that  the  early  Atlantic-type  sound  speed  profile  strongly  confined  sound  to  the 
channel  axis,  but  that  channel  axis  slowly  became  shallower  on  the  Arctic  side  of 
the  front.  The  transition  to  Arctic-type  water  with  its  shallower  surface  gradient 
permitted  some  wider  angle  sound  to  propagate,  but  with  reduced  intensity  due 
to  the  early  Atlantic  profile  bottom  interactions  (10-15  dB  less).  These  principles 
were  seen  in  many  cases,  but  the  types  of  propagation  patterns  they  produced 
depended  strongly  on  source  depth  via  the  relative  amounts  of  sound  in  different 
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modes.  In  some  cases,  primarily  with  shallower  sources,  the  propagation  patterns 
depended  almost  entirely  on  the  sound  speed  profile  at  the  source.  In  other  cases, 
usually  with  deeper  sources,  the  propagation  patterns  were  more  determined  by 
the  destination  water  type. 


4.3  Summary  and  Comparison  of  Regional  Propagation  Effects 

The  above  two  sections  demonstrated  dramatically  different  regional  prop- 
agation effects,  because  of  the  different  physical  conditions  within  the  two  regions. 
Both  regions  do,  however,  demonstrate  that  inclusion  of  a  surface  duct  can  have 
important  effects  on  the  propagation  patterns  even  at  frequencies  too  low  for 
duct  trapping  to  take  place.  Proper  description  of  the  surface  mixed  layer  and 
the  strong  sound  speed  gradient  just  below  it  can  alter  propagation  patterns  in 
the  deeper  water  as  well  as  prevent  sound  from  penetrating  into  the  surface  re- 
gions; the  effect  is  important  for  sources  within  the  deep  sound  channel.  The 
frequency  range  over  which  the  latter  effect  will  be  significant  will  depend  on  the 
duct  depth;  very  low  frequencies  will  penetrate  into  the  duct  due  to  strong  non- 
ray  effects,  while  relatively  high  frequencies  will  be  trapped  within  the  duct.  In 
between  is  a  middle  range  of  frequencies  effectively  barred  from  the  near-surface 
regions  due  to  the  increase  in  sound  speed. 

In  the  AthenA  region  we  saw  significant  low-frequency  ensonification  in 
the  surface  region  at  25  and  50  Hz,  while  sound  at  100  Hz  was  barred  from 
the  duct.  In  the  Iceland-Faeroes  Gap  region,  the  deeper  duct  trapped  50  Hz 
sound,  while  the  25  Hz  calculations  with  realistic  topography  showed  too  many 
topographic  interaction  effects  to  determine  if  sound  was  barred  from  the  surface 
layer.  Calculations  with  the  deep  flat  bottom,  while  not  relevant  for  comparisons 
with  the  realistic  topography,  do  have  academic  interest  and  it  may  be  noted 
that  propagation  in  the  Atlantic  profile  with  the  bottom  at  3000  m  and  source 
at  600  m  at  25  Hz  showed  a  significant  decrease  in  surface  ensonification  over 
propagation  in  the  Arctic  profile  under  the  same  conditions.  These  calculations 
are  shown  in  appendix  C. 

Topography  within  the  AthenA  region  was  so  flat  as  to  have  little  to  no 
effect  on  sound  propagation;  the  only  exception  might  be  the  directly  bottom- 
reflecting  sound.   In  the  Gap  region,  however,  topographic  effects  are  so  strong 
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and  complicated  that  they  dominate  the  propagation  patterns,  with  lesser  but 
quite  important  modifications  by  the  oceanography  within  the  limits  imposed  by 
the  topography.  In  some  cases  propagation  patterns  invariant  to  oceanography 
were  seen;  little  can  be  said  about  the  form  of  these  topographically-dominated 
patterns  at  this  stage  of  work.  To  determine  the  reasons  for  the  bottom  interac- 
tion patterns  and  the  conditions  under  which  they  occur,  it  would  be  necessary 
to  test  propagation  over  various  carefully  controlled  artificial  topographic  config- 
urations, and  the  dependency  of  these  patterns  on  source  depth  and  frequency. 

Additionally,  these  topographic  interference  patterns  would  undoubtedly 
be  modified  by  inclusion  of  range  dependence  in  the  sediment  model;  sedimen- 
tation conditions  can  be  expected  to  differ  dramatically  between  the  shallow 
and  deep  regions  and  would  affect  propagation  patterns.  In  a  region  of  strongly 
three-dimensionally  varying  topography  such  as  this  one,  we  could  also  expect 
azimuthal  topography  variations  to  greatly  alter  both  topographic  interference 
patterns  and  their  interactions  with  oceanographic  variations.  The  steep  topog- 
raphy might  additionally  cause  significant  backscatter  on  certain  propagation 
paths. 

With  thin  sediment  layers  such  as  we  have  on  the  topographic  heights,  we 
might  also  realistically  expect  to  see  reflections  off  the  substrate;  addition  of  a 
change  in  density  on  sound  speed  below  the  sediment  would  improve  the  sediment 
model  in  shallow  regions.  With  these  thin  sediment  layers  we  might  also  expect 
significant  shear  wave  excitation  at  the  sediment-substrate  interface.  We  have 
parametrized  shear  wave  losses  through  a  large  value  of  attenuation  which  may 
reasonably  provide  the  desired  loss;  however,  sediment  attenuation  also  modifies 
the  water-sediment  reflection  coefficient.  A  more  realistic  modeling  of  shear  wave 
excitation  might  produce  the  desired  loss  mechanism  without  altering  the  water- 
sediment  reflection  coefficient.  Such  modifications  to  the  model  would  greatly 
increase  the  accuracy  of  these  acoustic  predictions,  but  documentation  of  the 
effects  of  these  changes  to  the  sediment  model  would  require  considerable  further 
study. 
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Figure  Captions,  Chapter  4 


Figure  4.1)  a.  AthenA  region  streamfunction  fields,  125  m  depth;  transect  for 
acoustic  propagation  drawn  in.  b.  Sound  speed  profile  at  53.3N  26.2W,  QG  fields 
only.  c.  Sound  speed  profile  at  53. 3N  24.2W,  QG  fields  only.  d.  AthenA  region 
temperature  fields  for  coupled  QG-SBL  model,  6  m  depth;  transect  for  acoustic 
propagation  drawn  in.  e.  Corresponding  streamfunction  fields  at  125  m  depth, 
f.  QG-SBL  sound  speed  profile  at  53.3N  26.2W.  g.  QG-SBL  sound  speed  profile 
at  53.3N  24.2W. 

Figure  4.2)  Range  independent  propagation,  QG  vs.  QG-SBL  sound  speed  fields. 
/  =  50  Hz,  ze  =  500  m.  a.  Contours  of  propagation  loss,  QG  sound  speed 
profile,  b.  Propagation  loss  at  10  m  receivers,  QG-SBL  case  bold.  c.  Contours 
of  propagation  loss,  QG-SBL  sound  speed  profile,  d.  Propagation  loss  at  200  m 
receivers,  QG-SBL  case  bold. 

Figure  4.3)  Range  independent  propagation,  QG  vs.  QG-SBL  sound  speed  fields. 
/  =  50  Hz,  za  =  150  m.  a.  Contours  of  propagation  loss,  QG  sound  speed 
profile,  b.  Propagation  loss  at  10  m  receivers,  QG-SBL  case  bold.  c.  Contours 
of  propagation  loss,  QG-SBL  sound  speed  profile,  d.  Propagation  loss  at  350  m 
receivers,  QG-SBL  case  bold. 

Figure  4.4)  Acoustic  propagation  through  range-independent  QG  vs.  QG-SBL 
sound  speed  fields.  /  =  100  Hz,  z8  =  500  m.  a.  Contours  of  propagation  loss,  QG 
sound  speed  profile,  b.  Propagation  loss  at  10  m  receivers,  QG-SBL  case  bold. 
c.  Contours  of  propagation  loss,  QG-SBL  sound  speed  profile,  d.  Propagation 
loss  at  200  m  receivers,  QG-SBL  case  bold. 

Figure  4.5)  Acoustic  propagation  through  range-independent  QG  vs.  QG-SBL 
sound  speed  fields.  /  =  100  Hz,  z8  =  150  m.  a.  Contours  of  propagation  loss,  QG 
sound  speed  profile,  b.  Propagation  loss  at  10  m  receivers,  QG-SBL  case  bold, 
c.  Contours  of  propagation  loss,  QG-SBL  sound  speed  profile,  d.  Propagation 
loss  at  200  m  receivers,  QG-SBL  case  bold. 

Figure  4.6)  Acoustic  propagation  through  range-dependent  QG  sound  speed 
fields.  /  =  50  Hz,  zB  =  150  m.  Receiver  plots  overlaid  with  corresponding 
range-independent  QG  receivers,  a.  Contours  of  sound  speed,  b.  Propagation 
loss  at  10  m  receivers,  range-dependent  case  bold.  c.  Contours  of  propagation 
loss.  d.  Propagation  loss  at  200  m  receivers,  range-dependent  case  bold. 

Figure  4.7)  Acoustic  propagation  through  range-dependent  QG-SBL  sound  speed 
fields.  /  =  50  Hz,  za  =  150  m.  Receiver  plots  overlaid  with  corresponding  range- 
independent  QG-SBL  receivers,  a.  Contours  of  sound  speed,  b.  Propagation 
loss  at  10  m  receivers,  range-dependent  case  bold.  c.  Contours  of  propagation 
loss.  d.  Propagation  loss  at  200  m  receivers,  range-dependent  case  bold. 

Figure  4.8)  Schematic  of  AthenA  region  propagation  effects,  a.  QG-SBL  vs. 
QG:  shallower  excursion  of  sound  in  QG-SBL  (bold)  case.  b.  QG-SBL  vs.  QG: 
refraction  of  sound  away  from  surface  in  QG-SBL  (bold)  case,  deeper  refraction  in 
QG-QBL  case.  c.  Range  dependent  (bold)  vs.  range-independent  propagation. 
Arrows  represent  approximate  locations  of  start  and  stop  of  sound  speed  change. 
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Figure  4.9)  a.  Gap  region  quasigeostrophic  streamfunction  fields  at  50  m  depth, 
day  10.  Transect  A:  propagation  across  a  developing  eddy.  Transect  B:  propa- 
gation across  the  front,  b.  Atlantic  water  sound  speed  profile,  c.  Arctic  water 
sound  speed  profile,  d.  Magnitude  and  phase  of  Rayleigh  reflection  coefficient, 
p  =  1.6,  cw/cb  =  1.031,  (3  =  4.8. 

Figure  4.10)  Shallow  water  propagation,  range  dependent  (through  eddy)  vs. 
range  independent  (Arctic)  oceanography.  zB  —  10  m,  /  =  25  Hz.  Bottom  depth 
zbot  —  607  m.  a.  Range  dependent  sound  speed  contours,  b.  Range  dependent 
propagation  loss  contours,  c.  Range  dependent  propagation  loss,  zrcvr  =  10  m. 
d.  Range  independent  (Arctic)  sound  speed  contours,  e.  Range  independent 
propagation  loss  contours,  f.  Range  independent  propagation  loss,  zrcvr  =  10  m. 

Figure  4.11)  Comparison  of  propagation  through  eddy,  with  propagation  through 
Arctic  sound  speed  profile;  realistic  topography.  z8  =  10  m,  /  =  50  Hz.  a. 
Range  dependent  sound  speed  contours,  b.  Arctic  profile  sound  speed  contours, 
c.  Propagation  loss  at  10  m  receivers,  eddy  case  bold.  d.  Range  dependent 
contours  of  propagation  loss.  e.  Range  independent  contours  of  propagation 
loss.  f.  Propagation  loss  at  600  m  receivers,  eddy  case  bold. 

Figure  4.12)  Propagation  through  Atlantic  profile,  realistic  topography.  za  =  10 
m,  /  =  50  Hz.  a.  Sound  speed  contours,  b.  Propagation  loss  at  10  m  receiver, 
c.  Contours  of  propagation  loss.  d.  Propagation  loss  at  600  m  receiver. 

Figure  4.13)  Comparison  of  propagation  through  eddy,  with  propagation  through 
Arctic  sound  speed  profile;  realistic  topography.  z8  =  300  m,  /  =  50  Hz.  a. 
Range  dependent  sound  speed  contours,  b.  Arctic  profile  sound  speed  contours. 

c.  Propagation  loss  at  10  m  receivers,  eddy  case  bold.  d.  Range  dependent 
contours  of  propagation  loss.  e.  Range  independent  contours  of  propagation 
loss.  f.  Propagation  loss  at  750  m  receivers,  eddy  case  bold.  Return  blanked  out 
prior  to  42  km  range  as  it  is  below  the  bottom. 

Figure  4.14)  Comparison  of  propagation  through  eddy,  PE  model  outputs,  with 
propagation  through  Arctic  sound  speed  profile;  realistic  topography.  za  =  300 
m,  /  =  50  Hz.  a.  Range  dependent  sound  speed  contours,  b.  Arctic  profile 
sound  speed  contours,  c.  Propagation  loss  at  10  m  receivers,  eddy  case  bold.  d. 
Range  dependent  contours  of  propagation  loss.  e.  Range  independent  contours  of 
propagation  loss.  f.  Propagation  loss  at  750  m  receivers,  eddy  case  bold.  Return 
blanked  out  prior  to  42  km  range  as  it  is  below  the  bottom. 

Figure  4.15)  Comparison  of  propagation  through  eddy,  QG  model  outputs,  with 
propagation  through  Arctic  sound  speed  profile;  realistic  topography.  z8  =  600 
m,  /  =  25  Hz.  a.  Range  dependent  sound  speed  contours,  b.  Arctic  profile 
sound  speed  contours,  c.  Propagation  loss  at  10  m  receivers,  eddy  case  bold.  d. 
Range  dependent  contours  of  propagation  loss.  e.  Range  independent  contours 
of  propagation  loss.  f.  Propagation  loss  at  400  m  receivers,  eddy  case  bold. 

Figure  4.16)  Propagation  across  front,  realistic  topography.  za  =  10  m,  /  =  25 
Hz.  a.  Sound  speed  contours,  b.  Propagation  loss  at  10  m  receivers,  frontal  case 
bold,  Atlantic  case  medium,  Arctic  case  light,  c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  250  m  receivers,  frontal  case  bold,  Atlantic  case  medium, 
Arctic  case  light. 
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Figure  4.17)  Propagation  through  Atlantic  and  Arctic  profiles,  realistic  topogra- 
phy. z8  =  10  m,  /  =  25  Hz.  a.  Sound  speed  contours,  Atlantic  profile,  b.  Sound 
speed  contours,  Arctic  profile,  c.  Contours  of  propagation  loss,  Atlantic  profile, 
d.  Contours  of  propagation  loss,  Arctic  profile. 

Figure  4.18)  Propagation  across  front,  realistic  topography.  zs  =  300  m,  /  =  25 
Hz.  a.  Sound  speed  contours,  b.  Propagation  loss  at  10  m  receivers,  frontal  case 
bold,  Atlantic  case  medium,  Arctic  case  light,  c.  Contours  of  propagation  loss, 
d.  Propagation  loss  at  750  m  receivers,  frontal  case  bold,  Atlantic  case  medium, 
Arctic  case  light. 

Figure  4.19)  Propagation  through  Atlantic  and  Arctic  profiles,  realistic  topog- 
raphy. za  =  300  m,  /  =  25  Hz.  a.  Sound  speed  contours,  Atlantic  profile,  b. 
Sound  speed  contours,  Arctic  profile,  c.  Contours  of  propagation  loss,  Atlantic 
profile,  d.  Contours  of  propagation  loss,  Arctic  profile. 

Figure  4.20)  Propagation  across  front,  realistic  topography.  z8  =  600  m,  /  =  50 
Hz.  a.  Sound  speed  contours,  b.  Propagation  loss  at  10  m  receivers,  frontal  case 
bold,  Atlantic  case  medium,  Arctic  case  light,  c.  Contours  of  propagation  loss, 
d.  Propagation  loss  at  300  m  receivers,  frontal  case  bold,  Atlantic  case  medium, 
Arctic  case  light. 

Figure  4.21)  Propagation  through  Atlantic  and  Arctic  profiles,  realistic  topog- 
raphy. za  =  600  m,  /  =  50  Hz.  a.  Sound  speed  contours,  Atlantic  profile,  b. 
Sound  speed  contours,  Arctic  profile,  c.  Contours  of  propagation  loss,  Atlantic 
profile,  d.  Contours  of  propagation  loss,  Arctic  profile. 

Figure  4.22)  Schematic  of  Iceland-UK  Gap  propagation,  a.  Propagation  through 
eddy.  Arrows  represent  start  and  end  of  eddy.  b.  Propagation  through  Arctic 
water  sound  speed  fields,  c.  Propagation  across  Iceland-Faeroes  front.  Arrows 
represent  approximate  locations  of  deep  and  surface  front,  respectively,  d.  Propa- 
gation through  Atlantic  water  sound  speed  fields,  e.  Propagation  through  Arctic 
water  sound  speed  fields. 


214 


b) 


Profile  ot  53.3N  26.2W 

Sound  Sp«*d  (m/Mc) 

IJI 

_l_ 


MM 


q\      Profile  ot  53. 3N  24.2W 


Sound  Spcfd  (m/»«c) 

I4K>  ii»o 


Temperoture  ot  6  m 


Streomf unction  ot  125  m 


0 


Profile  ot  53.3N  26.2W 

Sound  Spctd  (m/«t| 


g) 


Profile  ot  53.3N  24.2W 

Sownd  Speed  {rr/%*<) 


Figure  4.1)  a.  AthenA  region  streamfunction  fields,  125  m  depth;  transect  for 
acoustic  propagation  drawn  in.  b.  Sound  speed  profile  at  53.3N  26.2W,  QG  fields 
only  c.  Sound  speed  profile  at  53.3N  24.2W,  QG  fields  only.  d.  AthenA  region 
temperature  fields  for  coupled  QG-SBL  model,  6  m  depth;  transect  for  acoustic 
propagation  drawn  in.  e.  Corresponding  streamfunction  fields  at  125  m  depth, 
f.  QG-SBL  sound  speed  profile  at  53.3N  26.2W.  g.  QG-SBL  sound  speed  profile 
at  53.3N  24.2W.  215 
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Figure  4.8)  Schematic  of  AthenA  region  propagation  effects,  a.  QG-SBL  vs. 
QG:  shallower  excursion  of  sound  in  QG-SBL  (bold)  case.  b.  QG-SBL  vs.  QG: 
refraction  of  sound  away  from  surface  in  QG-SBL  (bold)  case,  deeper  refraction  in 
QG-QBL  case.  c.  Range  dependent  (bold)  vs.  range-independent  propagation. 
Arrows  represent  approximate  locations  of  start  and  stop  of  sound  speed  change. 
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a)    Streomfunction  ot  50  m 
11      10      9       8 


b)    Atlontic  Sound  Speed  Profile 


c)     Arctic  Sound  Speed  Profile 
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Figure  4.9)  a.  Gap  region  quasigeostrophic  streamf unction  fields  at  50  m  depth, 
day  10.  Transect  A:  propagation  across  a  developing  eddy.  Transect  B:  propa- 
gation across  the  front,  b.  Atlantic  water  sound  speed  profile,  c.  Arctic  water 
sound  speed  profile,  d.  Magnitude  and  phase  of  Rayleigh  reflection  coefficient, 
p  =  1.6,  cw/cb  =  1.031,  0  =  4.8. 
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Chapter  5 


Summary  and  Conclusions 


This  thesis  has  studied  underwater  acoustic  propagation  at  low  frequencies 
in  both  deep  oceanic  regimes  with  slowly  varying  depths,  and  shallower  regimes 
with  rapidly  varying  topography.  Effects  of  range  dependence  of  the  sound  speed 
profile  within  the  water  column  have  been  documented,  and  the  interacting  prop- 
agation effects  when  both  the  oceanography  and  topography  vary.  Additionally, 
this  work  has  investigated  the  effects  of  a  shallow  surface  mixed  layer  on  water 
column  propagation. 

The  primary  contributions  of  this  work  are  the  detection  of  the  dependence 
of  propagation  on  the  interaction  of  low-frequency  source-image  interference  pat- 
terns and  the  angular  dependence  of  the  water-sediment  interface  reflection  co- 
efficient. This  interaction  provides  an  important  classification  of  propagation 
regimes  according  to  the  relative  magnitude  of  sediment  interaction:  whether 
bottom  interacting  propagation  paths  are  dominant  over  purely  water  column 
paths,  or  vice  versa.  The  different  behaviors  of  propagation  in  these  two  regimes, 
when  the  oceanographic  and  topographic  properties  vary,  has  been  thoroughly 
studied.  Formation  of  shadow  zones  due  to  downward  oceanographic  refrac- 
tion with  a  frontal  crossing  has  been  documented,  as  has  the  increase  in  surface 
ensonification  or  formation  of  convergence  zones  due  to  upward  oceanographic 
refraction  of  sound.  Additionally,  long  range  convergence  zone  propagation  for 
shallow  sources  via  low  frequency  effects  has  been  documented,  increasing  the 
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extent  of  permissible  conditions  for  such  propagation.  Oceanographic  and  to- 
pographic interaction  effects  on  propagation  in  regions  of  shallow  and  highly 
variable  topography  have  been  documented,  showing  the  strong  effects  of  the 
topography  with  significant  modifications  to  propagation  patterns  by  oceano- 
graphic variations.  The  inclusion  of  a  thin  surface  mixed  layer,  at  frequencies 
too  low  for  duct  trapping,  has  been  shown  to  significantly  modify  propagation 
paths. 

These  phenomena  have  been  identified  by  studying  acoustic  propagation  in 
different  regions  under  a  wide  variety  of  physical  conditions.  The  Gulf  Stream  re- 
gion represented  a  deep-water  regime  of  strong  oceanographic  variation  and  slow 
topographic  variation,  where  in  general  the  oceanographic  variations  with  range 
had  a  larger  effect  on  acoustic  propagation  than  did  the  topographic  variations, 
although  knowledge  of  the  depth  was  crucial  and  variation  of  topography  could 
produce  important  changes  to  propagation.  The  AthenA  region  demonstrated 
propagation  patterns  in  another  deep  region  which  had  weaker  oceanographic 
variations  with  range;  again  changes  to  the  oceanographic  environment  modified 
propagation  more  greatly  than  did  changes  to  the  topography.  On  the  other 
hand,  the  shallow  and  highly  variable  topography  in  the  Iceland-UK  Gap  region 
dominated  the  acoustic  propagation  in  that  region;  the  oceanographic  variations 
provided  significant  but  lesser  modifications  to  the  resulting  field. 

Throughout  this  work  we  have  seen  that  the  topographic  depth  and  the 
sediment  layer  can  have  large  and  sometimes  overwhelming  effects  on  acoustic 
propagation  within  the  waveguide.  For  a  certain  topographic  configuration,  a 
change  in  the  sediment  model  parameters  can  totally  transform  propagation  pat- 
terns; alternatively,  a  change  in  the  topographic  configuration  can  change  the 
entire  propagation  regime.  If  again  we  think  of  the  ocean  sediment  as  the  bot- 
tom boundary  condition  of  the  acoustic  waveguide,  the  topography  determines 
the  distance  to  the  boundary  and  the  sediment  model  conceptually  determines 
the  boundary  condition  used.  Considering  the  magnitude  of  sound  speed  gradi- 
ent generally  found  in  the  water  column  (less  than  .1  sec"1,  in  central  depths) 
with  that  found  in  typical  sediments  (.5  to  1.5  sec-1),  as  well  as  the  sound  speed 
and  density  discontinuities  at  the  water-sediment  interface,  it  is  not  surprising 
that  the  location  and  form  of  this  bottom  boundary  condition  can  be  the  primary 
determination  of  oceanographic  waveguide  propagation  properties.    It  becomes 
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useful  to  think  of  the  topography  and  sediment  as  forming  a  set  of  constraints  for 
propagation  patterns,  with  the  oceanographic  variations  modifying  propagation 
patterns  within  those  constraints.  The  amount  of  change  which  the  oceano- 
graphic variations  can  produce  varies  with  the  type  of  topographic  and  sediment 
configuration. 

In  regions  of  shallow  or  very  highly  variable  topography,  such  as  the 
Iceland-UK  Gap,  the  modifications  possible  by  the  oceanography  were  occasion- 
ally extremely  limited;  indeed,  some  cases  where  the  propagation  patterns  were 
nearly  invariant  to  topography  appeared,  such  as  cases  with  shallow  source  depth. 
In  other  examples  with  deeper  source  depth,  the  oceanographic  variations  could 
modify  the  entire  propagation  regime  from  one  in  which  the  sound  was  tightly 
constrained  to  the  center  of  the  sound  channel,  to  one  with  greater  vertical  extent 
of  propagation.  Figure  5.1  schematizes  such  cases;  figures  5.1a  and  5.1b  compare 
propagation  across  the  eddy  with  propagation  through  the  range-independent 
Arctic  water  profile.  The  strong  sound  speed  gradient  at  the  base  of  the  eddy  re- 
fracts sound  down  toward  the  sediment  in  figure  5.1a,  and  increases  the  horizontal 
frequency  of  bottom  interactions.  The  increased  loss  due  to  these  interactions 
decreases  sound  channel  axis  magnitudes  20  dB;  since  bottom  reflections  selec- 
tively filter  out  high-angle  sound,  the  remaining  propagation  patterns  are  more 
closely  confined  to  the  sound  channel  axis.  In  figure  5.1b  of  propagation  through 
the  range-independent  Arctic  profile,  the  lesser  amount  of  bottom  interactions 
leaves  a  greater  amount  of  higher  angle  sound  in  the  channel. 

Propagation  across  the  Iceland-Faeroes  front  showed  the  same  effect  of 
oceanographic  variations  modifying  propagation  regime.  Frequently  the  frontal 
interaction  with  topography  resulted  in  patterns  revealing  the  effects  of  both 
water  masses,  the  Atlantic-type  starting  profile  and  the  Arctic-type  destination. 
Figure  5.1c  schematizes  propagation  across  the  front,  while  figures  5. Id  and  5.1e 
depict  propagation  in  Atlantic  and  Arctic  profiles,  respectively.  The  strong  deep 
gradient  near  the  start  of  the  frontal  transect  increases  the  sediment  losses  and 
confines  sound  near  the  axis  of  the  sound  channel  as  in  the  Atlantic  profile, 
although  the  rapid  loss  of  the  surface  duct  in  the  realistic  case  prevents  sur- 
face trapping.  The  frontal  transition  to  Arctic  type  profile,  with  its  shallower 
sound  speed  gradient,  decreased  the  amount  of  bottom  loss  from  that  seen  in 
the  Atlantic  profile,  permitting  a  greater  angular  excursion  of  sound.  Figure  5.1c 
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shows  this  propagation  path  with  the  dashed  line,  to  indicate  its  lesser  magni- 
tude. Propagation  across  the  front  resulted  in  sound  channel  axis  ensonification 
intermediate  between  that  in  the  Arctic  and  Atlantic  water  masses;  magnitudes 
were  up  to  20-25  dB  less  than  in  the  Arctic  profile,  and  25-30  dB  greater  than 
in  the  Atlantic  profile.  The  position  of  the  front,  with  respect  to  the  shallow 
topography,  will  adjust  the  amount  of  bottom  loss  that  occurs,  and  thus  must 
be  known  for  accurate  acoustic  prediction. 

These  results  confirm  previous  work  in  the  area  (Jensen  et  al.,  1991)  which 
showed  that  knowledge  of  the  topography  was  paramount  in  producing  acoustic 
forecasts  for  the  region,  and  that  oceanography  produced  significant  but  lesser 
modifications  to  the  propagation  patterns.  That  work  illustrated  overall  propa- 
gation patterns  using  ray  traces  which  did  not  explicitly  show  the  loss  of  vertical 
propagation  extent  due  to  the  selective  filtering  of  bottom  interactions  as  the 
contours  of  propagation  loss  do. 

Thus  the  Iceland-UK  Gap  represents  a  region  of  shallow  or  highly  variable 
topography  where  the  bottom  boundary  condition  forms  a  relatively  tight  con- 
straint on  possibilities  for  propagation  patterns;  oceanographic  modification  to 
propagation  had  a  lesser  but  still  quite  significant  effect.  In  such  regions  detailed 
knowledge  of  the  topography  and  sediment  conditions  would  clearly  be  crucial 
to  accurate  acoustic  prediction. 

In  deep  regions  with  flat  or  gently  sloping  topography,  the  range  of  modi- 
fications possible  by  the  oceanography  is  relatively  greater  and  can  cause  drastic 
changes  to  the  propagation  regime,  either  refracting  sound  upward  or  downward 
within  the  waveguide,  or  adjusting  the  horizontal  refraction  distance  of  the  sound. 
At  the  same  time,  with  the  smoother  topography,  variations  to  the  propagation 
patterns  caused  by  the  topography  changes  could  be  much  less.  As  case  in  point, 
the  abyssal  hill  seen  in  the  AthenA  region  had  an  extremely  small  effect  on  prop- 
agation patterns,  only  shifting  bottom-reflected  returns  approximately  5  km  in 
range  as  schematized  in  figure  5.2a.  Additionally,  the  upsloping  or  downslop- 
ing  topography  cases  studied  in  the  Gulf  Stream  region  frequently  only  provided 
adjustments  of  2-4  km  to  the  radius  of  convergence  zones,  or  affected  ensonifi- 
cation levels  5-7  dB  within  those  convergence  zones.  The  modifications  by  the 
oceanographic  variations  with  range  in  both  the  AthenA  and  Gulf  Stream  re- 
gions caused  considerably  greater  changes  to  the  propagation  patterns  than  did 

240 


the  topographic  changes;  in  the  AthenA  region  oceanographic  range  dependence 
shortened  convergence  zone  radii  enough  to  cause  local  changes  in  ensonifica- 
tion  of  30-40  dB  by  the  third  convergence  zone  compared  with  ensonification  in 
a  range  independent  ocean.  Figure  5.2a  shows  the  modifications  to  long-range 
propagation  paths  that  produce  these  ensonification  changes;  range  dependent 
oceanographic  propagation  paths  are  drawn  bold,  range  independent  drawn  light. 
In  the  Gulf  Stream  region,  oceanographic  variations  with  range  could  increase 
or  decrease  surface  ensonification  by  25-30  dB.  In  such  regions  of  relatively  flat 
topography,  the  changes  in  propagation  caused  by  the  oceanographic  variations 
were  much  greater  than  the  changes  caused  by  the  local  topographic  variations. 

In  that  Gulf  Stream  study,  however,  other  cases  occurred  in  which  the 
same  gradual  alterations  to  the  bottom  depth  changed  the  entire  propagation 
regime.  The  Sargasso  profile  cases  with  weak  excitation  of  trapped  water  column 
modes  showed  that  topographic  effects  could  overwhelm  oceanographic  effects 
if  the  magnitude  of  the  purely  oceanographic  perturbation  to  the  propagation 
were  weak  enough;  in  the  case  of  propagation  from  Sargasso  to  Slope  water  for 
a  source  near  the  surface  and  frequency  of  100  Hz,  acoustic  propagation  was 
nearly  invariant  to  the  changes  in  the  water  column.  Additionally,  changes  of 
sediment  parameters  showed  that  under  conditions  with  highly  reflective  sedi- 
ments, propagation  patterns  were  again  nearly  unaffected  by  modifications  to 
the  oceanographic  sound  speeds.  Propagation  patterns  in  deeper  regions  still 
seems  to  be  limited  by  constraints  determined  by  the  topography  and  sediment, 
with  those  constraints  considerably  broader  in  deep  water  regions  with  gentle 
topographic  variations. 

This  entire  work  was  conducted  with  a  range-independent  fluid  sediment 
model.  In  the  Gulf  Stream  region,  such  a  model  could  well  be  unrealistic  in  view 
of  the  horizontal  extent  of  the  calculation;  in  the  Iceland-UK  Gap  region  it  is 
unrealistic  in  view  of  the  widely  varying  topography,  which  experiences  different 
sedimentation  conditions.  In  view  of  the  demonstrated  importance  of  sediment 
and  topographic  interaction  effects  on  the  water  column  propagation  patterns,  a 
very  important  next  step  would  be  to  include  variation  of  the  sediment  properties 
with  location. 

In  addition  to  considering  the  bottom  boundary  condition  carefully,  the 
surface  boundary  condition  of  the  waveguide  must  be  known.    Surface  rough- 
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ness  was  not  considered  in  this  work,  and  generally  has  lesser  effects  in  the 
frequency  range  considered,  but  the  surface  mixed  layer  can  frequently  be  con- 
sidered a  boundary  condition  to  the  waveguide  due  to  its  much  smaller  vertical 
scale.  The  thickness  of  the  surface  mixed  layer  is  usually  less  than  that  of  the 
sediment;  sound  speed  gradients  at  the  base  of  the  mixed  layer  are  frequently  of 
order  .6  sec-1,  comparable  to  the  sound  speed  gradients  in  the  bottom  sediment. 
Sound  trapping  within  a  surface  duct  is  generally  considered  a  high-frequency 
phenomenon;  however,  the  comparison  studies  in  the  AthenA  region  showed  that 
the  surface  duct  can  also  have  a  distinct  effect  on  propagation  patterns  at  fre- 
quencies too  low  for  such  ducting  to  occur.  For  sources  within  the  deep  sound 
channel,  careful  resolution  of  the  sound  speed  profile  and  inclusion  of  a  thin 
layer  of  high  sound  speed  water  near  the  surface  of  the  ocean  can  significantly 
modify  propagation  paths  in  the  deeper  water,  causing  changes  in  local  magni- 
tudes of  20  dB  or  more  in  the  vicinity  of  the  modified  sound  paths.  Figure  5.2b 
demonstrates  these  modified  propagation  paths  due  to  the  better-resolved  QG- 
SBL  sound  speed  profile;  the  QG-SBL  case  is  drawn  bold  and  has  greater  vertical 
extent.  Figure  5.2c  demonstrates  the  effect  for  a  different  source  depth,  where 
inclusion  of  the  high  sound  speed  layer  refracted  sound  away  from  the  surface. 
The  thin  layer  of  high  sound  speed  water  prevented  sound  in  propagation  paths 
just  below  the  surface  layer  from  penetrating  into  the  near-surface  regions,  for 
100  Hz  sound;  for  sound  too  low  for  duct  trapping,  the  surface  layer  can  be  an 
effective  barrier.  At  lower  frequencies  diffraction  effects  permitted  some  lessened 
ensonification  of  that  layer. 

The  Iceland-UK  Gap  region  also  demonstrated  the  effects  of  a  surface 
duct.  The  250  m  deep  layer  on  the  Atlantic  side  of  the  front  was  capable  of 
trapping  sound  at  the  higher  frequency  used  (50  Hz).  At  25  Hz  the  calculations 
with  realistic  topography  showed  too  many  topographic  interaction  effects  to 
determine  if  sound  was  barred  from  the  thick  surface  layer.  The  calculations 
with  the  Atlantic  profile  and  deep  flat  bottom  showed  a  significant  decrease  in 
surface  ensonification  over  similar  propagation  in  the  Arctic  profile.  Thus  for  a 
source  within  the  deep  sound  channel,  a  surface  mixed  layer  can  act  to  decrease 
near-surface  ensonification  for  frequencies  too  low  for  duct  trapping  and  too  high 
for  low  frequency  diffraction  to  permit  significant  sound  penetration  of  the  layer. 

Previous  work  in  surface  boundary  layer  acoustics  (Porter  et  al.,  1990; 
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Urick,  1983)  has  concentrated  on  conditions  for  duct  formation,  strength,  depth, 
and  trapping,  or  on  propagation  effects  of  the  duct  for  a  source  within  the  sur- 
face layer.  This  work  has  studied  the  effects  of  that  duct  for  a  source  within  the 
deep  sound  channel,  and  has  shown  that  inclusion  of  the  surface  duct  can  pro- 
duce distinct  changes  at  frequencies  too  low  for  duct  trapping,  by  both  altering 
propagation  paths  and  forming  a  barrier  to  sound  in  a  certain  middle  frequency 
range  determined  by  duct  depth. 

Within  the  oceanic  waveguide,  low  frequency  interference  patterns  had  a 
very  strong  effect  on  propagation  patterns  in  deep  water  regimes.  The  initial 
source-image  interference  patterns  produced  an  angular  distribution  of  sound 
striking  the  sediment  which  varies  strongly  with  frequency;  the  interaction  of 
this  distribution  of  sound  energy  with  the  functional  form  of  the  Rayleigh  reflec- 
tion coefficient  at  the  water-sediment  interface  determines  the  reflected  sound 
intensity  propagating  back  within  the  water  column  relative  to  the  sound  inten- 
sity refracting  entirely  within  the  water  channel. 

In  the  Gulf  Stream  region,  an  important  classification  of  propagation 
regimes  emerged  according  to  the  refraction  characteristics  of  the  initial  Lloyd's 
Mirror  interference  pattern  in  the  water.  When  the  primary  interference  lobe 
refracts  entirely  within  the  waveguide,  then  a  large  percentage  of  the  total  sound 
energy  never  interacts  with  the  sediment  and  propagation  patterns  were  compar- 
atively less  sensitive  to  the  form  of  the  sediment  model.  Propagation  with  deep 
sources  in  both  water  masses,  and  with  source  at  100  m  in  the  Slope  profile  at 
100  Hz,  fell  into  this  group.  Figure  5.3a  schematizes  propagation  in  this  group. 

When  the  primary  interference  lobe  interacts  with  the  sediment  and  addi- 
tionally there  are  strongly  excited  trapped  modes  within  the  water  column,  then 
propagation  patterns  are  more  sensitive  to  the  form  of  the  sediment  model  than 
in  the  previous  case,  due  to  the  increased  percentage  of  sound  energy  interacting 
with  the  sediment  layer  relative  to  that  propagating  in  the  water  column.  Slope 
water  propagation  with  the  source  at  10  m,  and  at  100  m  at  25  and  50  Hz,  fit 
into  this  group;  figure  5.3b  depicts  propagation  under  these  conditions.  The  bold 
line  indicates  the  primary  Lloyd's  Mirror  interference  lobe  interacting  with  the 
sediment.  Within  that  sediment,  density  decreases  of  less  than  .5  gm/cm3  caused 
increases  of  3-7  dB  in  convergence  zone  minima,  by  modifying  the  functional  form 
of  the  Rayleigh  reflection  coefficient.    Alterations  to  the  sediment  sound  speed 
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gradient  modified  the  primary  refracted  return  5-7  dB;  refracted  sound  some- 
times interfered  constructively,  sometimes  destructively  with  the  water  column 
propagation  patterns.  The  sediment  sound  speed  discontinuity  alters  the  func- 
tional form  of  the  reflection  coefficient,  altering  the  amount  of  grazing-incidence 
sound  reflected  back  to  interfere  with  water  column  propagation  patterns.  Only 
when  the  amount  of  such  interference  was  extremely  large  {cw/cb  =  .98)  did  it 
overwhelm  the  water  column  propagation  pattern. 

The  effects  of  downward  topography  differed  between  these  two  groups. 
In  the  first  group,  with  the  primary  Lloyd's  Mirror  interference  lobe  refracting 
within  the  water  column  in  the  flat-bottom  waveguide,  the  downward  topography 
only  affected  the  lesser  interference  maxima  as  schematized  in  figure  5.4a.  The 
primary  lobe  defined  the  major  convergence  zones  and  remained  unchanged,  but 
the  modification  to  the  lesser  lobe(s)  can  cause  changes  of  5-7  dB  in  deeper 
regions  of  lower  ensonification. 

In  the  second  group,  where  the  primary  interference  lobe  interacted  with 
the  sediment,  downsloping  topography  permitted  a  greater  portion  of  that  pri- 
mary lobe  to  refract  within  the  water  column,  as  shown  in  figure  5.4b.  The 
increase  in  sound  refracting  within  the  water  column  increased  convergence  zone 
magnitudes  7-10  dB;  the  deeper  sound  paths  increased  convergence  zone  radii 
1-3  km. 

It  must  be  noted  that  these  two  groups  differ  only  due  to  the  effects  caused 
by  the  main  Lloyd's  Mirror  interference  lobe  interacting  with  the  sediment:  if 
more  energy  interacts  with  the  sediment,  then  sediment  changes  affect  a  greater 
percentage  of  the  total  waveguide  sound.  Additionally,  with  downsloping  topog- 
raphy, the  additional  sound  refracting  within  the  water  column  greatly  affects 
convergence  zone  radius  if  the  convergence  zones  are  not  already  strongly  deter- 
mined by  the  large  sound  magnitude  in  the  primary  Lloyd's  Mirror  lobe. 

Upsloping  topography  for  both  these  groups  had  the  same  effect  on  prop- 
agation, as  schematized  in  figure  5.4c.  The  upward  topography  truncated  deep 
propagation  paths;  this  truncation  shortened  convergence  zone  radii  1-3  km  and 
decreased  ensonification  15-20  dB.  The  magnitude  of  these  topographic  effects 
will,  in  general,  depend  on  the  propagation  patterns  in  the  water  and  on  the 
topographic  slope. 
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Oceanographic  effects  with  flat  topography  were  very  similar  for  both 
these  groups,  whether  the  primary  beam  of  sound  interacted  with  the  sediment 
or  not.  Figure  5.5a  illustrates  downward  oceanographic  refraction  and  subsequent 
increased  bottom  interactions;  the  downward  refraction  produced  a  shadow  zone. 
Sound  levels  (for  these  flat  bottom  cases)  decreased  between  50  and  125  dB  from 
their  range-independent  values,  depending  on  frequency.  At  any  one  frequency, 
post-frontal  shadow  zone  ensonification  depended  more  strongly  on  the  distance 
from  the  front  to  the  observer  than  the  source  to  the  front. 

Upward  oceanographic  refraction,  as  shown  in  figure  5.5b,  caused  an  in- 
crease in  surface  ensonification  of  20-25  dB  and  a  decrease  of  bottom  interactions. 
This  change  was  largely  independent  of  frequency. 

Not  all  combinations  of  oceanography  and  topography  were  tested;  only 
those  two  in  which  the  oceanographic  effects  conteracted  the  topographic  effects. 
Figure  5.5c  depicts  propagation  patterns  with  the  downward  oceanographic  re- 
fraction, which  would  increase  bottom  interactions,  and  the  downward  topog- 
raphy, which  would  decrease  such  interactions  and  include  deeper  sound  paths 
in  the  water  column.  The  net  effect  was  formation  of  a  shadow  zone,  whose 
ensonification  levels  were  between  25  and  45  dB  below  the  flat  bottom,  range 
independent  propagation  case,  depending  on  frequency.  Inclusion  of  the  deep 
propagation  paths  prevented  ensonification  levels  from  dropping  as  low  as  in  the 
flat  bottom,  range  dependent  oceanographic  case. 

Figure  5.5d  schematizes  upward  oceanographic  refraction,  which  would 
decrease  bottom  interactions,  in  conjunction  with  upward  topography,  which 
would  increase  those  bottom  interactions.  The  net  result  of  these  effects  was  an 
increase  in  surface  ensonification  of  20-25  dB,  as  in  the  flat-bottom  case.  The 
truncation  of  deep  paths  due  to  upward  topography  rearranged  the  small-scale 
maxima  but  did  not  affect  overall  magnitudes. 

The  case  of  upward  oceanographic  refraction  with  downward  topography 
was  not  tested,  but  would  probably  result  in  increased  surface  ensonification, 
with  modifications  due  to  the  topographic  effects  of  inclusion  of  deeper  paths. 
The  case  of  downward  oceanographic  refraction  with  upward  topography  was 
also  not  tested,  but  would  probably  result  in  very  low  sound  levels  due  to  the 
increased  losses  from  both  oceanography  and  topography. 
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A  third  classification  of  propagation  patterns  emerged,  consisting  of  prop- 
agation in  the  Sargasso  profile  with  source  at  10  and  100  m  as  schematized  in 
figure  5.6a.  In  these  cases,  the  primary  interference  lobe  interacted  with  the 
sediment  near  grazing  incidence  where  the  magnitude  of  the  Rayleigh  reflection 
coefficient  was  relatively  large,  and  the  trapped  water  column  modes  were  rela- 
tively weakly  excited.  The  combination  of  these  two  factors  permitted  sound  in 
bottom-glancing  paths  to  dominate  propagation  patterns  for  mid  to  long  ranges, 
before  sediment  reflection  losses  removed  enough  of  the  bottom-glancing  sound 
for  trapped  modes  to  predominate.  Due  to  the  importance  of  these  bottom- 
reflecting  paths  in  the  total  propagation  pattern,  small  changes  in  the  parameters 
controlling  the  reflection  coefficient  (p,  cw/cb)  could  produce  dramatic  changes 
to  propagation  patterns.  Density  decreases  of  less  than  .5  gm/cm3  increased 
ensonification  7-10  dB  throughout  the  range  of  calculation,  by  increasing  the 
magnitude  of  the  reflection  coefficient  for  angles  near  grazing.  Changes  in  the 
interface  sound  speed  discontinuity  of  order  .01  could  cause  large  and  qualitative 
changes  to  the  propagation  patterns  by  controlling  the  amount  of  sound  reflecting 
at  these  bottom-glancing  angles,  in  some  cases  causing  these  propagation  paths 
to  collapse. 

Due  to  the  amount  of  sound  interacting  with  the  sediment  relative  to 
the  strength  of  the  water  column  modes,  the  sediment  sound  speed  gradient 
sometimes  had  a  dramatic  effect  on  propagation  as  well,  modifying  local  sound 
magnitudes  as  much  as  25  dB  for  changes  of  .5  sec" l  in  dc/dz.  This  refracted 
return  could  interfere  constructively  or  destructively  with  the  water-propagating 
and  bottom-glancing  sound. 

The  relative  weakness  of  the  trapped  water  column  modes  caused  propaga- 
tion in  this  regime  to  react  unusually  to  variations  in  topography  and  oceanog- 
raphy, as  well.  Downsloping  topography  (figure  5.6b)  permitted  the  bottom- 
glancing  sound  to  refract  within  the  deeper  water  column,  increasing  resolution 
of  convergence  zones  and  magnitudes  by  up  to  20  dB.  Upsloping  topography  (fig- 
ure 5.6c)  truncated  the  bottom-glancing  paths  and  weak  trapped  modes,  causing 
bottom  reflections  and  an  unusual  interference  pattern  if  mode  excitation  were 
weak  enough.  Upsloping  topography  caused  a  general  increase  of  ensonification 
of  15-20  dB,  the  opposite  effect  observed  in  the  previous  group  of  profiles. 

Oceanographic  refraction  upward,  schematized  in  figure  5.7a,  permitted 
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water  column  refraction  of  the  bottom-glancing  sound,  which  reinforced  the 
trapped  modes  and  increased  convergence  zone  ensonification  10-20  dB.  Refrac- 
tion downward  was  not  tested  but  would  increase  bottom  interactions  for  those 
weak  trapped  modes. 

Only  one  oceanographic /topographic  interaction  case  was  tested  for  these 
profiles,  that  of  upward  refracting  oceanography  and  upward  topography.  The 
results  differed,  depending  on  the  strength  of  excitation  of  the  trapped  modes. 
For  lower  frequencies  or  when  the  source  was  closer  to  the  sound  channel  axis, 
the  trapped  modes  were  excited  more  strongly,  as  schematized  in  figure  5.7b. 
The  frontal  interaction  shifted  trapped  modes  upward  within  the  water;  as  the 
upward  topography  truncated  these  paths,  others  closer  to  the  sound  channel 
axis  were  excited  with  enough  magnitude  to  permit  convergence  zone  behavior 
to  persist,  although  with  magnitudes  lessened  by  10-15  dB  over  the  flat  bot- 
tom case.  Propagation  patterns  for  these  examples  appeared  dominated  by  the 
oceanographic  effects. 

For  higher  frequencies  or  when  the  source  was  farther  from  the  sound 
channel  axis,  the  trapped  modes  were  less  strongly  excited,  as  case  is  schematized 
in  figure  5.7c.  The  frontal  interaction  refracted  those  trapped  modes  upward 
within  the  water  column;  as  upward  topography  truncated  the  deeper  paths, 
shallower  ones  closer  to  the  sound  channel  axis  were  not  excited  with  enough 
magnitude  to  permit  convergence  zone  behavior  to  persist.  In  an  extreme  case 
(/  =  100  Hz,  ze  =  10  m),  propagation  patterns  contain  the  odd  beam  pattern  and 
were  invariant  to  the  oceanographic  change.  In  other  cases,  propagation  patterns 
in  the  final  combined  case  qualitatively  resembled  neither  the  flat  bottom,  range 
dependent  oceanographic  case  nor  the  upsloping  topographic,  range  independent 
oceanographic  case.  These  latter  examples  are  thought  to  represent  a  transition 
state  between  propagation  patterns  dominated  by  oceanography  and  propagation 
patterns  dominated  by  topography. 

The  other  configurations  of  oceanographic/topographic  interactions  were 
not  tested;  however,  upward  oceanographic  refraction  in  conjunction  with  down- 
ward topography  would  probably  cause  strong  convergence  zone  behavior.  The 
sound  in  bottom  glancing  paths  would  refract  with  depth  within  the  deeper  water 
column;  the  upward  refraction  of  the  front  would  shift  sound  maxima  closer  to 
the  surface.  The  other  combinations  of  downward  oceanographic  refraction  with 
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upward  or  downward  topography  would  both  involve  shifting  the  weakly-excited 
trapped  modes  deeper  in  the  water  column;  the  results  are  difficult  to  predict. 

This  third  group  of  cases  has  demonstrated  that  under  conditions  of  weak 
excitation  of  trapped  water  column  modes,  propagation  patterns  can  be  dom- 
inated for  mid  to  long  ranges  by  sound  in  bottom  glancing  paths.  Such  prop- 
agation patterns  will  depend  greatly  on  the  form  of  the  sediment,  especially 
the  magnitude  of  the  reflection  coefficient  for  sound  near  grazing  incidence.  It 
must  be  noted  again  that  inclusion  of  range  dependence  in  the  sediment  model 
could  have  a  strong  effect  on  propagation  in  these  paths,  although  for  all  realistic 
sediments  the  magnitude  of  the  reflection  coefficient  approaches  unity  at  angles 
approaching  grazing.  No  previous  work  known  has  studied  the  dependence  of 
these  paths  on  exact  sediment  properties,  nor  the  effects  when  the  topographic 
and  oceanographic  conditions  change. 

The  entire  Gulf  Stream  study  has  demonstrated  that  the  Lloyd's  Mirror 
source-image  interference  pattern,  interacting  with  the  angular  dependence  of 
the  Rayleigh  reflection  coefficient,  controls  the  form  and  magnitude  of  sediment 
effects  for  deep  water  propagation.  No  previous  work  known  has  studied  the 
question  of  sensitivity  to,  and  form  of,  sediment  effects  using  this  representation 
of  the  sound  fields  showing  low  frequency  interference  effects. 

It  was  additionally  noted  that  long-range  convergence  zone  propagation 
patterns  were  seen  with  shallow  sources  for  which  local  sound  speed  exceeded 
that  at  the  sediment;  Snell's  law  refraction  for  these  cases  would  indicate  that 
all  the  sound  leaving  these  sources  with  real  propagation  angle  would  strike  the 
sediment.  Previously  this  condition  has  been  viewed  as  precluding  convergence 
zone  propagation,  as  all  the  sound  would  interact  with  the  bottom.  The  long 
range  convergence  zone  patterns  seen  consisted  of  trapped  modes  excited  via  the 
magnitudes  of  their  exponential  tails  into  the  higher  sound  speed  water  near  the 
source.  Thus  low- frequency  effects  increase  the  permissible  range  of  propagation 
regimes  beyond  those  which  have  been  viewed  as  permitting  convergence  zone 
propagation. 

Propagation  with  an  initially  shallow  depth,  such  as  in  the  Iceland-UK 
Gap  region,  did  not  show  the  same  frequency  dependence  on  bottom  interactions 
since  source-image  interference  patterns  did  not  form.  However,  since  frequency 
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determines  the  excitation  of  modes,  propagation  patterns  within  the  deeper  sound 
channel  will  depend  on  frequency  via  density  of  mode  excitation.  Diffraction 
down  the  sloping  topography  did  appear  in  these  calculations. 

The  governing  condition  in  the  Gap  region  was  instead  the  shallow  ini- 
tial propagation  range,  which  caused  many  interactions  with  the  sediment  and 
produced  losses  which  varied  according  to  propagation  angle.  The  angular  de- 
pendence of  the  reflection  coefficient  (small  magnitude  for  steeper  sound)  pref- 
erentially filtered  out  all  but  the  shallower  propagation  angles;  thus  when  the 
topography  deepened,  propagation  was  limited  to  shallow-angle  sound  near  the 
sound  channel  axis.  The  oceanographic  variations  strongly  influenced  the  amount 
of  loss  that  occurred  over  these  shallow  regions,  causing  decreases  in  ensonifica- 
tion  of  as  much  as  25  dB  and  strongly  affecting  the  amounts  of  sound  at  various 
propagation  angles.  In  several  cases,  losses  were  so  selective  that  only  a  small 
number  of  modes  with  shallow  equivalent  ray-angle  remained  in  the  sound  field. 

Thus  the  underlying  consideration  in  modeling  underwater  acoustic  prop- 
agation in  lower  frequency  ranges  appears  to  be  the  inclusion  of  a  parameteriza- 
tion of  the  sediment  and  the  varying  topography,  and  the  frequency-dependent 
interactions  that  occur.  The  variations  of  the  oceanographic  medium  with  range 
additionally  have  such  strong  effects  on  propagation  patterns  within  the  con- 
straints determined  by  the  local  topographic  regime  as  to  be  indispensable  to  an 
accurate  prediction  of  the  acoustic  fields.  The  Harvard  Modeling  System  provides 
a  useful  tool  for  providing  the  requisite  oceanographic  environmental  fields,  for 
valid  times  both  present  and  forecast,  which  can  so  profoundly  affect  the  propa- 
gation patterns  in  both  deep  water  and  shallower  variable-topographic  regimes. 
The  combination  of  a  fast,  effective  method  for  providing  realistic  oceanographic 
environmental  fields  with  a  precise  knowledge  of  the  bottom  conditions  can  result 
in  accurate  prediction  of  the  underwater  acoustic  propagation  fields. 
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Figure  Captions,  Chapter  5 


Figure  5.1)  Schematic  of  Iceland-UK  Gap  propagation,  a.  Propagation  through 
eddy.  Arrows  represent  start  and  end  of  eddy.  b.  Propagation  through  Arctic 
water  sound  speed  fields,  c.  Propagation  across  Iceland-Faeroes  front.  Arrows 
represent  approximate  locations  of  deep  and  surface  front,  respectively,  d.  Propa- 
gation through  Atlantic  water  sound  speed  fields,  e.  Propagation  through  Arctic 
water  sound  speed  fields. 

Figure  5.2)  Schematic  of  AthenA  region  propagation  effects,  a.  Range  dependent 
(bold)  vs.  range-independent  propagation.  Arrows  represent  approximate  loca- 
tions of  start  and  stop  of  sound  speed  change,  b.  QG-SBL  vs.  QG:  refraction  of 
sound  away  from  surface  in  QG-SBL  (bold)  case,  deeper  refraction  in  QG-QBL 
case.  c.  QG-SBL  vs.  QG:  shallower  excursion  of  sound  in  QG-SBL  (bold)  case. 

Figure  5.3)  Schematic  of  sediment  interaction  effects,  water  modes  dominant  over 
bottom  interactions,  a.  Principal  sound  path  refracts  with  depth,  b.  Principal 
sound  path  interacts  with  sediment. 

Figure  5.4)  Schematic  of  topography  effects,  water  modes  dominant  over  bot- 
tom interactions,  a.  Principal  sound  path  refracts  within  flat  bottom  waveg- 
uide, downsloping  topography,  b.  Principal  sound  path  interacts  with  sediment, 
downsloping  topography,  c.  Ups loping  topography. 

Figure  5.5)  Schematic  of  oceanographic  effects  and  oceanographic/topographic 
interactions,  water  modes  dominant  over  bottom  interactions.  Arrows  represent 
approximate  beginning  and  ending  of  Gulf  Stream,  a.  Downward  oceanographic 
refractions,  flat  bottom,  b.  Upward  oceanographic  refractions,  flat  bottom,  c. 
Downward  oceanographic  refractions,  downsloping  bottom,  d.  Upward  oceano- 
graphic refractions,  upsloping  bottom. 

Figure  5.6)  Schematic  of  sediment  interaction  effects,  topography  effects,  bot- 
tom interactions  dominant  over  water  modes,  a.  Sediment  interactions,  bottom 
glancing  path  bold.  b.  Downsloping  topography,  c.  Upsloping  topography. 

Figure  5.7)  Schematic  of  oceanographic  effects,  oceanographic/topographic  in- 
teractions, bottom  interactions  dominant  over  water  modes.  Arrows  represent 
approximate  beginning  and  ending  of  Gulf  Stream,  a.  Upward  oceanographic  re- 
fractions, flat  bottom,  b.  Upward  oceanographic  refractions,  upsloping  bottom, 
water  modes  relatively  strongly  excited,  c.  Upward  oceanographic  refractions, 
upsloping  bottom,  water  modes  weakly  excited. 
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Figure  5.2)  Schematic  of  AthenA  region  propagation  effects,  a.  Range  dependent 
(bold)  vs.  range-independent  propagation,  b.  QG-SBL  vs.  QG:  refraction  of 
sound  away  from  surface  in  QG-SBL  (bold)  case,  deeper  refraction  in  QG-QBL 
case.  c.  QG-SBL  vs.  QG:  shallower  excursion  of  sound  in  QG-SBL  (bold)  case. 
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Figure  5.3)  Schematic  of  sediment  interaction  effects,  water  modes  dominant  over 
bottom  interactions,  a.  Principal  sound  path  refracts  with  depth,  b.  Principal 
sound  path  interacts  with  sediment. 
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Figure  5.4)  Schematic  of  topography  effects,  water  modes  dominant  over  bot- 
tom interactions,  a.  Principal  sound  path  refracts  within  flat  bottom  waveg- 
uide, downsloping  topography,  b.  Principal  sound  path  interacts  with  sediment, 
downsloping  topography,  c.  Upsloping  topography. 
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Figure  5.6)  Schematic  of  sediment  interaction  effects,  topography  effects,  bot- 
tom interactions  dominant  over  water  modes,  a.  Sediment  interactions,  bottom 
glancing  path  bold.  b.  Downsloping  topography,  c.  Upsloping  topography. 
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Figure  5.7)  Schematic  of  oceanography  effects,  oceanographic/topographic  in- 
teractions  bottom  interactions  dominant  over  water  modes    a.  Upward  oceant 
graphic  refractions  flat  bottom,  b.  Upward  oceanographic  refractions  upslophm 
bottom,  water  modes  relatively  strongly  excited,   c.    Upward  oceanographic  r" 
fractions,  upsloping  bottom,  water  modes  weakly  excited  n°graPmc  re 
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Appendix  Contents 

Due  to  the  size  of  the  appendices,  they  are  contained  on  microfiche,  held  at 
Gordon  McKay  Library,  Harvard  University,  Cambridge,  MA  02138.  For  further 
information  please  contact  the  Division  of  Applied  Sciences,  Harvard  University. 
Contents  of  each  section  are  included  on  the  following  pages. 
Calculations  at  25  Hz 

A. 1.1    "Realistic"  Sediment 

A. 1.2  Sediment  Density  Test 

A. 1.3  Sediment  Attenuation  Test 

A.  1.4  Sediment  Sound  Speed  Gradient  Test 

A. 1.5  Sediment  Depth  Test 

A. 1.6   Sediment  Interface  Sound  Speed  Discontinuity  cwjc\,  —  .98 

A. 1.7  Sediment  Interface  Sound  Speed  Discontinuity  cw/ci  =  1.0 

A. 1.8  Sediment  Interface  Sound  Speed  Discontinuity  cw/cb  =  1.1 

A. 1.9  Test  of  Distance  to  Gulf  Stream 

Calculations  at  50  Hz 

A. 2.1    "Realistic"  Sediment 

A. 2. 2  Sediment  Sound  Speed  Gradient  Test 

A. 2.3  Sediment  Depth  Test 

A. 2. 4  Sediment  Interface  Sound  Speed  Discontinuity  Test 

A. 2. 5  Test  of  Distance  to  Gulf  Stream 

Calculations  at  100  Hz 

A.3.1  "Realistic"  Sediment 

A. 3. 2  Sediment  Density  Test 

A. 3. 3  Sediment  Attenuation  Test 

A. 3. 4  Sediment  Sound  Speed  Gradient  Test 

A.3.5  Sediment  Depth  Test 

A.3.6  Sediment  Interface  Sound  Speed  Discontinuity  cw/cb  =  .98 

A.3.7  Sediment  Interface  Sound  Speed  Discontinuity  cw/cb  =  1.0 

A. 3. 8  Sediment  Interface  Sound  Speed  Discontinuity  cw/c{,  =  1.1 

Special  Studies 

A. 4.1   Upsloping  "Realistic"  Sediment,  Sargasso  and  Slope  Sound  Speed 

Profiles 
A. 4. 2  Downsloping  "Realistic"  Sediment,  Sargasso  Sound  Speed  Profile 
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A. 4. 3  Test  of  Sensitivity  to  cw/cb,  Sargasso  Sound  Speed  Profile,  Flat 

Topography 
A. 4. 4   Sound  Speed  Gradient  Discontinuity  Test,  Sargasso  Sound  Speed 

Profile 

AthenA  Calculations 

B.l      QG-SBL  Runs 
B.2      QG  Runs 

Ice  land- U.K.  Gap  Region  Calculations 
C.l      Eddy  Effects 
C.2      Frontal  Effects 


264 


A.l.l  "Realistic"  Sediment,  25  Hz 

Calculations  in  this  section  were  run  with  the  "realistic"  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
0  =  .9  dB/A,  c^/cb  =  1.017,  dc/dz  =  1.227  sec"1,  and  z<e<,  =  100  m,  at  a  frequency  /  =  25  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.  1.1.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.1.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A.  1.1.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A.  1.1.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.1.5)  Slope  water  profile,  downsloping  topography,  z,  =  10  m. 

Figure  A.  1.1.6)  Slope  water  profile,  downsloping  topography,  z,   =   100  m. 

Figure  A.  1.1. 7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A.  1.1.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.1.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 

Figure  A.  1. 1. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A.  1.1. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A.  1. 1. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   —  3000  m. 

Figure  A.  1.1. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A.  1. 1. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A.  1.1. 15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A.  1. 1. 16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.  1.1. 17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 

Figure  A.  1.1. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A.  1.1. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,  =  750  m. 

Figure  A.  1.1.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography.  zt   =  3000  m. 

Figure  A.  1.1.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A.1.L22)  Sargasso  water  profile,  upsloping  topography,  z,  =  100  m. 

Figure  A.  1.1. 23)  Sargasso  water  profile,  upsloping  topography,  z,   =  750  m. 

Figure  A.  1.1.24)  Sargasso  water  profile,  upsloping  topography.  zt  =  3000  m. 

Figure  A.  1.1.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A.  1.1. 26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 

Figure  A.1.L27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  750  m. 

Figure  A.  1.1. 28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A.  1.1. 29)  Sargasso  water  profile,  4440  m  bottom.  zt   =  10  m. 

Figure  A  1.1.30)  Sargasso  water  profile,  4440  m  bottom,  z,  =  100  m. 

Figure  A.  1.1.31)  Sargasso  water  profile,  4440  m  bottom.  zt   =  750  m. 

Figure  A  1.1.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.1.2  Sediment  Density  Test,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  —  1.0  gm/cm3, 
0  =  .9  dB/A,  Cv/cb  =  1.017,  dc/dz  =  L227  sec"1,  and  z,ed  -  100  m,  at  a  frequency  /  =  25  Hz. 
Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.  1.2.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.2.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A.  1.2.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A  1.2.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A  1.2.5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m. 

Figure  A  1.2.6)  Slope  water  profile,  downsloping  topography,  z,   =  100  m. 

Figure  A.  1.2.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A  1.2. 8)  Slope  water  profile,  downsloping  topography,  z,   —  3000  m. 

Figure  A.  1.2.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   —   10  m. 

Figure  A.  1.2. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A.  1.2. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.2. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.  1.2. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A.  1.2. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A.  1.2. 15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A.  1.2. 16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.  1.2. 17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 

Figure  A.  1.2. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A.  1.2. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A  1.2.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m. 

Figure  A.  1.2.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A.  1.2.22)  Sargasso  water  profile,  upsloping  topography.  zt  =  100  m. 

Figure  A.  1.2.23)  Sargasso  water  profile,  upsloping  topography.  zt  =  750  m. 

Figure  A.  1.2.24)  Sargasso  water  profile,  upsloping  topography,  z,  =  3000  m. 

Figure  A.  1.2.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A.  1.2.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 

Figure  A.  1.2.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  750  m. 

Figure  A.  1.2.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A.  1.2.29)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m. 

Figure  A.  1.2. 30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A.  1.2.31)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Figure  A.  1.2.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A. 1.3  Sediment  Attenuation  lest,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
Cu/cb  —  1.017,  dc/dz  =  1.227  sec-1,  and  z,e<j  =  100  m,  at  a  frequency  /  =  25  Hz.  Various  values  of  (3  were 
used 

Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  AL3.1)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m,  /3  =  0.0  dB/A. 
Figure  A  1.3.2)  Slope  water  profile,  3170  m  bottom  z,   =  100  m,  (3  =  0.0  dB/A. 
Figure  A  1.3.3)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  (3  =  0.0  dB/A. 
Figure  A  1.3.4)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  (3  =  0.0  dB/A. 
Figure  A.  1.3.5)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m,  (3  =  0.0  dB/A. 
Figure  A  1.3.6)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m,  (3  =  0.0  dB/A. 
Figure  A.  1.3.7)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m,  (3  =  0.0  dB/A. 
Figure  A  1.3.8)  Sargasso  water  profile,  4440  m  bottom,  z,   —  3000  m,  (3  =  0.0  dB/A. 
Figure  A  1.3.9)  Slope  water  profile,  3170  m  bottom  z,   =  10  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 10)  Slope  water  profile,  3170  m  bottom  z,   =  100  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 11)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 12)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 13)  Sargasso  water  profile,  4440  m  bottom  z,   =  10  m,  /3  =  0.25  dB/A. 
Figure  A  1.3. 14)  Sargasso  water  profile,  4440  m  bottom  z,   =  100  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 15)  Sargasso  water  profile,  4440  m  bottom  z,  =  750  m,  (3  =  0.25  dB/A. 
Figure  A  1.3. 16)  Sargasso  water  profile,  4440  m  bottom  z,   =  3000  m,  (3  =  0.25  dB/A. 
Figure  AL3.17)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  (3  =  0.5  dB/A. 
Figure  AL3.18)  Slope  water  profile,  3170  m  bottom  z,  =  100  m,  (3  =  0.5  dB/A. 
Figure  A  1.3. 19)  Slope  water  profile,  3170  m  bottom  z,  =  750  m,  (3  =  0.5  dB/A. 
Figure  A  1.3.20)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  (3  =  0.5  dB/A. 
Figure  AL3.21)  Sargasso  water  profile,  4440  m  bottom  z,   =  10  m,  f3  =  0.5  dB/A. 
Figure  AL3.22)  Sargasso  water  profile,  4440  m  bottom  z,   =  100  m,  /3  =  0.5  dB/A. 
Figure  AL3.23)  Sargasso  water  profile,  4440  m  bottom  z.   =  750  m,  /3  =  0.5  dB/A. 
Figure  A  1.3.24)  Sargasso  water  profile,  4440  m  bottom  z,  =  3000  m,  /?  =  0.5  dB/A. 
Figure  AL3.25)  Slope  water  profile,  3170  m  bottom  z,  =  10  m,  /3  =  1.96  dB/A. 
Figure  AL3.26)  Slope  water  profile,  3170  m  bottom  z,  =  100  m,  /3  =  1.96  dB/A. 
Figure  A  1.3.27)  Slope  water  profile,  3170  m  bottom  z,  =  750  m,  /3  =  1.96  dB/A. 
Figure  AL3.28)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  (3  =  1.96  dB/A. 
Figure  AL3.29)  Sargasso  water  profile,  4440  m  bottom  z,  =  10  m,  /3  =  1.96  dB/A. 
Figure  AL3.30)  Sargasso  water  profile,  4440  m  bottom  z,   =  100  m,  (3  =  1.96  dB/A. 
Figure  AL3.31)  Sargasso  water  profile,  4440  m  bottom  z,   =  750  m,  (3  =  1.96  dB/A. 
Figure  AL3.32)  Sargasso  water  profile,  4440  m  bottom  z,   =  3000  m,  (3  =  1.96  dB/A. 
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A.  1.4  Sediment  Sound  Speed  Gradient  Test,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
0  =  .9  dB/A,  Cu/ct,  =  1.017,  and  z,ed  =  100  m,  at  a  frequency  /  =  25  Hz.  Various  values  of  dc/dz  were  used 
Each  page  contains  the  following  plots: 

a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 


Figure  A1.41)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A.  1.4.2)  Slope  water  profile,  3170  m  bottom.  zt   = 
Figure  A.  1.4.3)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A  1.44)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A  1.4.5)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.46)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A.  1.47)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A.  1.48)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.49)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A.  1.4 10)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A.  1.4 11)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A  1.4 12)  Slope  water  profile,  3170  m  bottom,  z,    = 
Figure  A  1.4 13)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.4 14)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.4 15)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.4 16)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  A  1.4 17)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A  1.4 18)  Slope  water  profile,  3170  m  bottom,  z,   = 
Figure  A  1.4 19)  Slope  water  profile,  3170  m  bottom,  z,  = 
Figure  AL420)  Slope  water  profile,  3170  m  bottom.  zt   = 
Figure  A  1.421)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  AL422)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  AL423)  Sargasso  water  profile,  4440  m  bottom,  z, 
Figure  AL424)  Sargasso  water  profile,  4440  m  bottom,  z, 


10  m,  dc/dz  =  0.0. 
100  m,  dc/dz  =  0.0. 
750  m,  dc/dz  =  0.0. 
3000  m,  dc/dz  =  0.0. 
=  10  m,  dc/dz  =  0.0. 
=  100  m,  dc/dz  =  0.0. 
=  750  m,  dc/dz  =  0.0. 
=  3000  m,  dc/dz  =  0.0. 
10  m,  dc/dz  =0.75. 

100  m,  dc/dz  =  0.75. 

750  m,  dc/dz  =  0.75. 

3000  m,  dc/dz  =  0.75. 

=  10  m,  dc/dz  =  0.75. 

=  100  m,  dc/dz  =  0.75. 

=  750  m,  dc/dz  =  0.75. 

=  3000  m,  dc/dz  =  0.75. 

10  m,  dc/dz  =  L5. 

100  m,  dc/dz  =  L5. 

750  m,  dc/dz  =  L5. 

3000  m,  dc/dz  =  1.5. 

=  10  m,  dc/dz  =  1.5. 

=  100  m,  dc/dz  =  1.5. 

=  750  m,  dc/dz  =  1.5. 

=  3000  m,  dc/dz  =  L5. 
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A. 1.6  Sediment  Interface  Sound  Speed  Discontinuity  Cw/ci,  =  .98,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
0  =  .9  dB/A,  c^/cj,  =  0.98,  dc/dz  =  1.227  sec"1,  and  z,td  =  100  m,  at  a  frequency  /  =  25  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.  1.6.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.6.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =   100  m. 

Figure  A  1.6.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A.  1.6.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.6.5)  Slope  water  profile,  downsloping  topography,  z,   —  10  m. 

Figure  A  1.6.6)  Slope  water  profile,  downsloping  topography,  z,   —   100  m. 

Figure  A  1.6.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A.  1.6.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.6.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.  zt   =  10  m. 

Figure  A  1.6. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A  1.6. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A.  1.6. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.  1.6. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A  1.6. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A  1.6. 15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.6. 16)  Slope  water  profile,  3170  m  bottom,  zt   =  3000  m. 

Figure  A  1.6. 17)  Sargasso  to  Slope  water  propagation,  upsloping  topography.  zt   =  10  m. 

Figure  A  1.6. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A  1.6. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A  1.6.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m. 

Figure  A  1.6.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A  1.6.22)  Sargasso  water  profile,  upsloping  topography.  zt  =  100  m. 

Figure  A  1.6.23)  Sargasso  water  profile,  upsloping  topography,  z,   =  750  m. 

Figure  A  1.6.24)  Sargasso  water  profile,  upsloping  topography.  zt  =  3000  m. 

Figure  A  1.6.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A  1.6.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 

Figure  A  1.6.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   —  750  m. 

Figure  A  1.6.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A  1.6.29)  Sargasso  water  profile,  4440  m  bottom.  zt   =  10  m. 

Figure  A  1.6. 30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A  1.6. 31)  Sargasso  water  profile,  4440  m  bottom.  zt   =  750  m. 

Figure  A  1.6.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.1.7  Sediment  Interface  Sound  Speed  Discontinuity  c^/p,  =  1.0,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
0  =  .9  dB/A,  c/ci  =  1.0,  dc/dz  =  1.227  sec"1,  and  z,ed  =  100  m,  at  a  frequency  /  =  25  Hz. 
Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.  1.7.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.7.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A.  1.7.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A.  1.7.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.7.5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.7.6)  Slope  water  profile,  downsloping  topography,  z,   =  100  m. 

Figure  A  1.7.7)  Slope  water  profile,  downsloping  topography,  z,   —  750  m. 

Figure  A  1.7.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.7.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 

Figure  A  1.7. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   —   100  m. 

Figure  A  1.7. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.7. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A  1.7. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A  1.7. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A  1.7. 15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.7. 16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m. 

Figure  A  1.7. 17)  Sargasso  to  Slope  water  propagation,  ups loping  topography,  z,   =  10  m. 

Figure  A  1.7. 18)  Sargasso  to  Slope  water  propagation,  ups  loping  topography,  z,  =  100  m. 

Figure  A  1.7. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography.  zt   =  750  m. 

Figure  A  1.7.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography.  zt   =  3000  m. 

Figure  AL7.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A  1.7.22)  Sargasso  water  profile,  upsloping  topography,  z,   =  100  m. 

Figure  A  1.7.23)  Sargasso  water  profile,  upsloping  topography,  z,  =  750  m. 

Figure  A  1.7.24)  Sargasso  water  profile,  upsloping  topography,  z,  =  3000  m. 

Figure  A  1.7.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A  1.7.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 

Figure  A  1.7.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  750  m. 

Figure  A  1.7.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A  1.7.29)  Sargasso  water  profile,  4440  m  bottom,  z,  =  10  m. 

Figure  A  1.7.30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A  1.7.31)  Sargasso  water  profile,  4440  m  bottom.  zt   =  750  m. 

Figure  A  1.7.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.1.8  Sediment  Interface  Sound  Speed  Discontinuity  c^/cb  =  1.1,  25  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
f3  =  .9  dB/A,  c/q,  =  1.1,  dc/dz  =  1.227  sec"1,  and  z,ed  =  150  m,  at  a  frequency  /  =  25  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.  1.8.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A.  1.8.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A  1.8.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A  1.8.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  1.8.5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m. 

Figure  A  1.8.6)  Slope  water  profile,  downsloping  topography,  z,   =  100  m. 

Figure  A  1.8.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A  1.8.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A  1.8.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =   10  m. 

Figure  A  1.8. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A  1.8. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.8. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   —  3000  m. 

Figure  A  1.8. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A  1.8. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A  1.8. 15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A  1.8. 16)  Slope  water  profile,  3170  m  bottom,  z,  =  3000  m. 

Figure  A  1.8. 17)  Sargasso  to  Slope  water  propagation,  upsloping  topography.  zt   =  10  m. 

Figure  A  1.8. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A  1.8. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A  1.8.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,  =  3000  m. 

Figure  A  1.8.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A  1.8.22)  Sargasso  water  profile,  upsloping  topography,  z,   =  100  m. 

Figure  AL8.23)  Sargasso  water  profile,  upsloping  topography,  z,  =  750  m. 

Figure  A  1.8.24)  Sargasso  water  profile,  upsloping  topography,  z,  =  3000  m. 

Figure  AL8.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A  1.8.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  100  m. 

Figure  A  1.8.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  750  m. 

Figure  AL8.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A  1.8.29)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m. 

Figure  A  1.8.30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A  1.8.31)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Figure  A  1.8.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.1.9  Test  of  Distance  to  Gulf  Stream,  25  Hz 

Calculations  in  this  section  were  run  with  the  "realistic"  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
P  =  .9  dB/A,  cw/cb  =  1.017,  dc/dz  =  1.227  sec"1,  and  z,ed  =  100  m,  at  a  frequency  /  =  25  Hz. 

Various  source  locations  were  used,  to  test  the  effects  of  relative  closeness  of  the  Gulf  Stream.  To 
choose  the  source  locations,  cycle  distances  for  propagation  in  each  of  the  water  masses  were  calculated  by 
looking  at  the  range-independent  propagation  calculations;  measuring  the  distance  to  the  nth  convergence 
zone,  and  dividing  by  the  number  of  convergence  zones.  Cycle  distances  were  thus  determined  at  25  Hz  to  be 
approximately  49.5  km  for  slope  water  and  65  km  for  Sargasso  water.  Source  positions  were  found  up  close  to 
the  Gulf  Stream  on  each  side,  as  well  as  .75  cycle  distance  away  in  each  water  mass. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.l.9.1)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  10  m. 

Figure  A.l.9.2)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  100  m. 

Figure  A.l.9.3)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  750  m. 

Figure  A.  1.9.4)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  3000  m. 

Figure  A.l.9.5)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  36.82  N  7L80  W. 

z,  =  10  m. 

Figure  A.l.9.6)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.   Starting  position  36.82  N  71.80  W. 

zt  =  100  m. 

Figure  A.1.9. 7)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.   Starting  position  36.82  N  7L80  W. 

z,  =  750  m. 

Figure  A.l.9.8)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  36.82  N  7L80  W. 

zt  =  3000  m. 

Figure  A.  1.9.9)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.   Starting  position  35.95  N  70.67  W. 

zt  =  10  m. 

Figure  A.  1.9. 10)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

zt  =  100  m. 

Figure  A.l.9.11)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

zt  =  750  m. 

Figure  A.l.9.12)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

z,  =  3000  m. 

Figure  A.l.9.13)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  36.26  N  7L05  W. 

zt  =  10  m. 

Figure  A.l.9.14)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  36.26  N  71.05  W. 

zt  =  100  m. 

Figure  Al.9.15)  Sargasso  to  Slope  water  propagation,  4440  m  bottom   Starting  position  36.26  N  71.05  W. 

z,   =  750  m. 

Figure  A  1.9. 16)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.   Starting  position  36.26  N  71.05  W. 
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z,   =  3000  m. 
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A.2.1  "Realistic"  Sediment,  50  Hz 

Calculations  in  this  section  were  run  with  the  "realistic"  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
P  =  .9  dB/A,  Cv/ci,  =  1.017,  and  dc/dz  =  1.227  sec-1,  at  a  frequency  /  =  50  Hz.  Due  to  typographical  error, 
some  runs  were  conducted  with  z,e<i  set  deeper  than  necessary. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A. 2. 1.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m.  z,ed  =  100  m 
Figure  A.2.1.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m.  z,td  =  100  m. 
Figure  A.2.1.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m.  z,ed  =  100  m. 
Figure  A2.1.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m.  z,ed  =  100  m. 
Figure  A.2.1.5)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m.  zted  =  250  m. 
Figure  A2.1.6)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m  zttd  =  250  m. 
Figure  A2.1.7)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m.  zltd  =  250  m. 
Figure  A.2.1.8)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m.  z,td  =  250  m. 
Figure  A2.1.9)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m  z,td  =  100  m. 
Figure  A.2.1. 10)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m.  z,ed  =  100  m. 
Figure  A2.1.11)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m.  z,ed  =  100  m. 
Figure  A.2.1. 12)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m.  z,ed  =  100  m. 
Figure  A.2.1. 13)  Sargasso  to  Slope  water  propagation,  ups loping  topography,  z,   =  10  m.  z,ed  =  100  m. 
Figure  A2.1.14)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m.  z,ed  =  100  m. 
Figure  A.2.1. 15)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m.  z,ed  =  100  m. 
Figure  A2.1.16)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m.  zje<j  =  100  m. 
Figure  A.2.1. 17)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m.  zted  =  100  m. 
Figure  A.2.1. 18)  Sargasso  water  profile,  upsloping  topography,  z,  =  100  m.  z,e<f  =  100  m. 
Figure  A.2.1. 19)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  z$   =  10  m.  z,ed  =  250  m. 
Figure  A. 2. 1.20)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m.  z,td  =  250  m. 
Figure  A.2.1.21)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  750  m.  z,ed  =  250  m. 
Figure  A.2.1.22)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m.  zted  =  250  m. 
Figure  A. 2. 1.23)  Sargasso  water  profile,  4440  m  bottom,  z,  =  10  m.  z,ed  =  100  m. 
Figure  A.2.1.24)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m.  zted  =  100  m. 
Figure  A.2.1.25)  Sargasso  water  profile,  4440  m  bottom.  zt   =  750  m.  zted  =  100  m. 
Figure  A.2.1.26)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m.  z,ed  =  100  m. 
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A.2.2  Sediment  Sound  Speed  Gradient  Test,  50  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
/3  =  .9  dB/A,  cw/ci>  =  1.017,  and  z,e<j  =  100  m,  at  a  frequency  /  =  25  Hz.  Various  values  of  dc/dz  were  used 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.2.2.  l)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m,  dc/dz  =  0.0. 
Figure  A.  2. 2. 2)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m,  dc/dz  =  0.0. 
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A.2.3  Sediment  Depth  Test,  50  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  =  .9  dB/A,  Cw/cb  =  1.017,  and  dc/dz  =  1.227  sec-1,  at  a  frequency  /  =  50  Hz.  Various  values  of  zttd  were 
used. 

Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.2.3. 1)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  zttd  =  50  m. 

Figure  A.2.3.2)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  —  40  m. 

Figure  A.2.3.3)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  zted  =  30  m. 

Figure  A.2.3.4)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,td  =  20  m. 

Figure  A.2.3.5)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  =  10  m. 

Figure  A.2.3.6)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,e<j  =  0  m. 
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A.2.4  Sediment  Interface  Sound  Speed  Discontinuity  Test,  50  Hz 


Calculations  in  this  section  were  run  with  sediment  parameters,  p 
dc/dz  =  1.227  sec-1,  and  z,ed  =  100  m.  Frequency  /  =  50  Hz. 
Each  page  contains  the  following  plots: 

a.  Contours  of  sound  speed. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 


1.352  gm/cm3,  0  =  .9  dB/A, 


Figure  A.2.4. 1)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  10  m,  Cu/q,  =  1.00. 
Figure  A.2.4.2)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  100  m,  c^/q,  =  1.00. 
Figure  A2.43)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  750  m,  c^/ch  =  1.00. 
Figure  A2.4.4)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  3000  m,  c^/cj,  =  1.00. 
Figure  A.2.4.5)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  10  m,  Cw/cb  =  1.00. 
Figure  A.2.4.6)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  100  m,  Cm/q,  =  1.00. 
Figure  A2.4.7)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  750  m,  c^/cf,  =  1.00. 
Figure  A.2.4.8)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  3000  m,  c„,/q,  =  1.00. 
Figure  A  2.4.9)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  10  m,  Cy,/cb  =  0.98. 
Figure  A.2.4. 10)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  —  100  m,  cw/cb=  0.98. 
Figure  A2.411)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  750  m,  c^/ci,  =  0.98. 
Figure  A2.412)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  3000  m,  Cw/ci,  =  0.98. 
Figure  A2.4.13)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  10  m,  c^/cf,  =  0.98. 
Figure  A2.4.14)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  100  m,  c„/ci  =  0.98. 
Figure  A2.4.15)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  750  m,  Cu,/cj,  =  0.98. 
Figure  A2.4.16)  Sargasso  water  sound  speed  profile,  4440  m  bottom.  zt  =  3000  m,  Cw/cj,  =  0.98. 
Figure  A2.4.17)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  10  m,  c„,/cj,  =  1.10. 
Figure  A2.4.18)  Slope  water  sound  speed  profile,  3170  m  bottom.  zt  =  100  m,  Cyj/q,  =  1.10. 
Figure  A2.4.19)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  750  m,cw/cb  =  1.10. 
Figure  A2.420)  Slope  water  sound  speed  profile,  3170  m  bottom,  z,  =  3000  m,  c^/q,  =  1.10. 
Figure  A2.4.21)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  10  m,  c„,/q,  =  1.10. 
Figure  A2.4.22)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  100  m,  Cw/ct,  =  L10. 
Figure  A2.4.23)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  750  m,  Cw/cb  =  L10. 
Figure  A2.4.24)  Sargasso  water  sound  speed  profile,  4440  m  bottom,  z,  =  3000  m,  Cw/cb  =  1.10. 
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A.2.5  Test  of  Distance  to  Gulf  Stream,  50  Hz 

Calculations  in  this  section  were  ran  with  the  "realistic"  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  =  .9  dB/A,  c/q,  =  1.017,  dc/dz  =  1.227  sec"1,  and  z,ed  =  250  m,  at  a  frequency  /  =  50  Hz.  Typographic 
error  caused  the  sediment  depth  to  be  set  deeper  than  in  other  cases;  this  error  was  permitted  to  persist  in 
view  of  the  discussion  of  chapter  3.  Various  source  locations  were  used.  To  choose  the  source  locations,  cycle 
distances  for  propagation  in  each  of  the  water  masses  were  calculated  from  the  range-independent  propagtion 
calculations;  measuring  the  distance  to  the  nth  convergence  zone,  and  dividing  by  the  number  of  convergence 
zones,  giving  figures  of  49.5  km  for  slope  water  and  65  km  for  Sargasso  water,  at  25  Hz.  Source  positions  were 
found  up  close  to  the  Gulf  Stream  on  each  side,  as  well  as  .75  cycle  distance  away  in  each  water  mass. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.2.5. 1)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.   Starting  position  37.07  N  72.11  W. 

z,   —  10  m. 

Figure  A.2.5.2)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,  =  100  m. 

Figure  A.2.5.3)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  750  m. 

Figure  A.2.5.4)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  37.07  N  72.11  W. 

z,   =  3000  m. 

Figure  A.2.5. 5)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  36.82  N  71.80  W. 

z,  =  10  m. 

Figure  A.2.5.6)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.    Starting  position  36.82  N  71.80  W. 

z,   =  100  m. 

Figure  A.2.5.7)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.   Starting  position  36.82  N  71.80  W. 

zt  =  750  m. 

Figure  A.2.5.8)  Slope  to  Sargasso  water  propagation,  3170  m  bottom.   Starting  position  36.82  N  71.80  W. 

z,  =  3000  m. 

Figure  A.2.5.9)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.    Starting  position  35.95  N  70.67  W. 

z$  =  10  m. 

Figure  A.2.5. 10)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

z,   =  100  m. 

Figure  A.2.5.11)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

zt   =  750  m. 

Figure  A.2.5. 12)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  35.95  N  70.67  W. 

z,   =  3000  m. 

Figure  A.2.5.13)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  36.26  N  71.05  W. 

zt  =  10  m. 

Figure  A.2.5.14)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  36.26  N  71.05  W. 

z,   =  100  m. 

Figure  A.2.5. 15)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  Starting  position  36.26  N  71.05  W. 

z,  =  750  m. 

Figure  A.2.5.16)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.   Starting  position  36.26  N  71.05  W. 

z,   =  3000  m. 
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A.3.1  "Realistic"  Sediment,  100  Hz 

Calculations  in  this  section  were  run  with  the  "realistic"  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  =  .9  dB/A,  cw/cb  =  1.017,  dc/dz  =  1.227  sec"1,  and  z,ed  =  100  m,  at  a  frequency  /  =  100  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.  3. 1.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A3. 1.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A.  3. 1.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A3. 1.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.  3. 1.5)  Slope  water  profile,  downsloping  topography,  z,   =   10  m. 

Figure  A3. 1.6)  Slope  water  profile,  downsloping  topography,  z,   —   100  m. 

Figure  A.3.1.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A.  3. 1.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A.3.1.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =   10  m. 

Figure  A.3.1. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A.3.1. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A.3.1. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A3. 1.13)  Slope  water  profile,  3170  m  bottom,  z,   —  10  m. 

Figure  A  3. 1.14)  Slope  water  profile,  3170  m  bottom,  z,   =   100  m. 

Figure  A.  3. 1.15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A.3.1. 16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.3.L17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 

Figure  A.3.1. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A.3.L19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A.3.L20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m. 

Figure  A.3.1.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A.3.L22)  Sargasso  water  profile,  upsloping  topography,  z,  =  100  m. 

Figure  A.3.1.23)  Sargasso  water  profile,  upsloping  topography,  z,   —  750  m. 

Figure  A.3.1.24)  Sargasso  water  profile,  upsloping  topography,  z,   =  3000  m. 

Figure  A.3.L25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A.3.L26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 

Figure  A.3.1.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  750  m. 

Figure  A.3.1.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  3000  m. 

Figure  A.3.L29)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m. 

Figure  A.3.1.30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A.3.1.31)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Figure  A3. 1.32)  Sargasso  water  profile,  4440  m  bottom  z,   =  3000  m. 
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A.3.2  Sediment  Density  Test,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.0  gm/cm3, 
0  =  .9  dB/A,  Cv/ct,  =  1.017,  dc/dz  =  1.227  sec"1,  and  z,td  =  100  m,  at  a  frequency  /  =  100  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.3.2. 1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 

Figure  A3.2.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 

Figure  A  3. 2. 3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A  3. 2. 4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A  3. 2. 5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m. 

Figure  A3.2.6)  Slope  water  profile,  downsloping  topography,  z,   =  100  m. 

Figure  A3.2.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A. 3. 2. 8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A3.2.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 

Figure  A3.2.10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A3.2.11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A  3. 2. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A3.2.13)  Slope  water  profile,  3170  m  bottom.  zt   =  10  m. 

Figure  A.3.2. 14)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m. 

Figure  A3.2.15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A3.2.16)  Slope  water  profile,  3170  m  bottom.  zt   —  3000  m. 

Figure  A3.2.17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,    =   10  m. 

Figure  A3.2.18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A3.2.19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A3.2.20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,  =  3000  m. 

Figure  A3.2.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A.3.2.22)  Sargasso  water  profile,  upsloping  topography,  z,   =  100  m. 

Figure  A3.2.23)  Sargasso  water  profile,  upsloping  topography.  zt   =  750  m. 

Figure  A3.2.24)  Sargasso  water  profile,  upsloping  topography,  z,   =  3000  m. 

Figure  A3.2.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  10  m. 

Figure  A3.2.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  100  m. 

Figure  A3.2.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  750  m. 

Figure  A3.2.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  3000  m. 

Figure  A3.2.29)  Sargasso  water  profile,  4440  m  bottom.  zt   =  10  m. 

Figure  A3.2.30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A3.2.31)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Figure  A3.2.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.3.3  Sediment  Attenuation  Test,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
cw/cb  =  1.017,  dc/dz  =  1.227  sec-1,  and  z,ed  =  100  m,  at  a  frequency  /  =  100  Hz.  Various  values  of  (3  were 
used 

Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.3.3. 1)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m,  (3  =  0.0  dB/A. 
Figure  A.3.3.2)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m,  (3  =  0.0  dB/A. 
Figure  A.3.3.3)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  /?  =  0.0  dB/A. 
Figure  A.3.3.4)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  (3  =  0.0  dB/A. 
Figure  A.3.3.5)  Slope  water  profile,  3170  m  bottom  z,   =  10  m,  f3  =  0.25  dB/A. 
Figure  A3.3.6)  Slope  water  profile,  3170  m  bottom,  z,   =  100  m,  (3  =  0.25  dB/A. 
Figure  A.3.3.7)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  f3  =  0.25  dB/A. 
Figure  A.3.3.8)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  p  =  0.25  dB/A. 
Figure  A.3.3.9)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m,  (3  =  0.5  dB/A. 
Figure  A.3.3. 10)  Slope  water  profile,  3170  m  bottom,  z,   =   100  m,  (3  =  0.5  dB/A. 
Figure  A.3.3. 11)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  (3  =  0.5  dB/A. 
Figure  A.3.3. 12)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  /3  =  0.5  dB/A. 
Figure  A.3.3. 13)  Slope  water  profile,  3170  m  bottom  z,   -   10  m,  (3  =  2.0  dB/A. 
Figure  A.3.3. 14)  Slope  water  profile,  3170  m  bottom  z,   =  100  m,  (3  =  2.0  dB/A. 
Figure  A.3.3. 15)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  (3  =  2.0  dB/A. 
Figure  A.3.3. 16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m,  fi  =  2.0  dB/A. 


282 


A.3.4  Sediment  Sound  Speed  Gradient  Test,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  —  .9  dB/A,  Cm/ci,  =  1.017,  and  z,e<j  =  100  m,  at  a  frequency  /  =  100  Hz.  Various  values  of  dc/dz  were  used 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A.3.4. 1)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m,  dc/dz  =  0.0. 
Figure  A3.4.2)  Slope  water  profile,  3170  m  bottom  z,   =  750  m,  dc/dz  =  0.0. 
Figure  A3.4.3)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m,  dc/dz  =  0.0. 
Figure  A.3.4. 4)  Sargasso  water  profile,  4440  m  bottom.  2,   =  10  m,  dc/dz  =  0.0. 
Figure  A.  3.4. 5)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m,  dc/dz  =  0.0. 
Figure  A  3.4.6)  Sargasso  water  profile,  upsloping  topography,  z,   =   10  m,  dc/dz  =  0.0. 
Figure  A.3.4. 7)  Slope  water  profile,  3170  m  bottom  z,   =  10  m,  dc/dz  =  0.75. 
Figure  A.3.4.8)  Slope  water  profile,  3170  m  bottom  z,   =  10  m,  dc/dz  =  1.50. 
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A.3.5  Sediment  Depth  Test,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  —  1.352  gm/cm3, 
(3  =  .9  dB/A,  c^/cj,  =  1.017,  and  dc/dz  =  1.227  sec-1,  at  a  frequency  /  =  100  Hz.  Various  values  of  z,td  were 
used. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.3.5. 1)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  =  20  m. 

Figure  A.3.5.2)  Slope  water  profile,  3170  m  bottom,  z,  =  750  m,  zted  =  20  m. 

Figure  A.3.5.3)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  =  10  m. 

Figure  A.3.5.4)  Slope  water  profile,  3170  m  bottom,  z,  =  750  m,  z,ed  —  10  m. 

Figure  A.3.5.5)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  =  5  m. 

Figure  A.3.5.6)  Slope  water  profile,  3170  m  bottom,  z,  =  750  m,  z,ed  =  5  m. 

Figure  A.3.5. 7)  Slope  water  profile,  3170  m  bottom,  z,  —  10  m,  zted  —  2.5  m. 

Figure  A.3.5.8)  Slope  water  profile,  3170  m  bottom,  z,  =  750  m,  zted  =  2.5  m. 

Figure  A3.5.9)  Slope  water  profile,  3170  m  bottom,  z,  =  10  m,  z,ed  =  0  m. 
Figure  A3.5.10)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m,  z,td  =  0  m. 


284 


A. 3.6  Sediment  Interface  Sound  Speed  Discontinuity  c^/ci,  =  .98,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  =  .9  dB/A,  cw/ch=  0.98,  dc/dz  =  1.227  sec"1,  and  z,ed  =  100  m,  at  a  frequency  /  =  100  Hz. 
Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.  3.6.1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  10  m. 
Figure  A3.6.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  100  m. 
Figure  A  3. 6. 3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 
Figure  A3.6.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 
Figure  A. 3. 6. 5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m 
Figure  A.3.6.6)  Slope  water  profile,  downsloping  topography,  z,   —  750  m 
Figure  A.3.6.7)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 
Figure  A.3.6.8)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m 
Figure  A.3.6.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 
Figure  A.3.6.10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 
Figure  A.3.6.11)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 
Figure  A.3.6.12)  Slope  water  profile,  3170  m  bottom  z,   =  100  m. 
Figure  A3.6.13)  Slope  water  profile,  3170  m  bottom  z,   =  750  m. 
Figure  A.3.6.14)  Slope  water  profile,  3170  m  bottom  z,   =  3000  m. 
Figure  A.  3. 6. 15)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 
Figure  A.  3. 6. 16)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 
Figure  A3.6.17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 
Figure  A3.6.18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m. 
Figure  A  3.6. 19)  Sargasso  water  profile,  upsloping  topography,  z,   =  10  m. 
Figure  A  3.6. 20)  Sargasso  water  profile,  upsloping  topography,  z,  =  750  m. 
Figure  A3.6.21)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 
Figure  A3.6.22)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  100  m. 
Figure  A3.6.23)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  zt   =  750  m. 
Figure  A.  3.6. 24)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,  =  3000  m. 
Figure  A.3.6.25)  Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m. 
Figure  A3.6.26)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 
Figure  A3.6.27)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 
Figure  A.3.6.28)  Sargasso  water  profile,  4440  m  bottom  z,   =  3000  m. 
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A.3.7  Sediment  Interface  Sound  Speed  Discontinuity  c„,/q,  =  1.0,  100  Hz 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  —  1.352  gm/cm3, 
0  =  .9  dB/A,  c^/ci  =  1.0,  dc/dz  =  1.227  sec"1,  and  z,td  =  100  m,  at  a  frequency  /  =  100  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

A  Propagation  loss  at  1000  m  receiver. 

Figure  A.  3. 7.1)  Slope  to  Sargasso  water  propagation,  downs  loping  topography,  z,    =   10  m. 

Figure  A.3.7.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography.  zt   —  100  m. 

Figure  A.3.7.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  750  m. 

Figure  A.3.7. 4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   =  3000  m. 

Figure  A.3.7.5)  Slope  water  profile,  downsloping  topography,  z,   =  10  m. 

Figure  A.3.7.6)  Slope  water  profile,  downsloping  topography,  z,   =  100  m. 

Figure  A.3.7.7)  Slope  water  profile,  downsloping  topography,  z,   =  750  m. 

Figure  A.3.7.8)  Slope  water  profile,  downsloping  topography,  z,   =  3000  m. 

Figure  A.3.7.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 

Figure  A.3.7. 10)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m. 

Figure  A.  3. 7. 11)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m. 

Figure  A.3.7. 12)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.3.7. 13)  Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Figure  A.3.7. 14)  Slope  water  profile,  3170  m  bottom.  zt   =  100  m. 

Figure  A3.7.15)  Slope  water  profile,  3170  m  bottom,  z,   =  750  m. 

Figure  A.3.7.16)  Slope  water  profile,  3170  m  bottom,  z,   =  3000  m. 

Figure  A.3.7. 17)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 

Figure  A.  3. 7. 18)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Figure  A.3.7. 19)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m. 

Figure  A.  3. 7. 20)  Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m. 

Figure  A.3.7.21)  Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Figure  A.  3. 7. 22)  Sargasso  water  profile,  upsloping  topography,  z,  =  100  m. 

Figure  A.3.7.23)  Sargasso  water  profile,  upsloping  topography,  z,  =  750  m. 

Figure  A.3.7.24)  Sargasso  water  profile,  upsloping  topography,  z,  =  3000  m. 

Figure  A.3.7.25)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  10  m. 

Figure  A.3.7.26)  Sargasso  to  Slope  water  propagation,  4440  m  bottom.  zt   =  100  m. 

Figure  A.3.7.27)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   =  750  m. 

Figure  A.3.7.28)  Sargasso  to  Slope  water  propagation,  4440  m  bottom,  z,   —  3000  m. 

Figure  A.  3. 7. 29)  Sargasso  water  profile,  4440  m  bottom.  zt   =  10  m. 

Figure  A.  3. 7. 30)  Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Figure  A.3.7.31)  Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Figure  A.3.7.32)  Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.3.8  Sediment  Interface  Sound  Speed  Discontinuity  c^/ci,  =  1.1,  100  Hz 

Calculations  b  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
/3  =  .9  dB/A,  Cv/cb  =  1.1,  dc/dz  =  1.227  sec"1,  and  z,ed  =  100  m,  at  a  frequency  /  =  100  Hz. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 
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8. 1)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   = 

8.2)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   = 

8.3)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   = 

8.4)  Slope  to  Sargasso  water  propagation,  downsloping  topography,  z,   = 

8.5)  Slope  water  profile,  downsloping  topography,  z,   =   10  m. 

8.6)  Slope  water  profile,  downsloping  topography,  z,   —  750  m. 

8.7)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  10  m. 

8.8)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  100  m 

8.9)  Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  750  m 


10  m 
100  m 
750  m 
3000m 


8.10 
8.11 
8.12 
8.13 
8.14 
8.15 
8.16 
8.17 
8.18 
8.19 
8.20 
8.21 
8.22 
8.23 
8.24 


Slope  to  Sargasso  water  propagation,  3170  m  bottom,  z,   =  3000  m 

Slope  water  profile,  3170  m  bottom,  z,   =  10  m. 

Slope  water  profile,  3170  m  bottom,  z,   =  100  m 

Slope  water  profile,  3170  m  bottom,  z,   =  750  m 

Slope  water  profile,  3170  m  bottom,  z,   =  3000  m 

Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  10  m. 

Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  100  m. 

Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  750  m 

Sargasso  to  Slope  water  propagation,  upsloping  topography,  z,   =  3000  m 

Sargasso  water  profile,  upsloping  topography,  z,  =  10  m. 

Sargasso  water  profile,  upsloping  topography,  z,  =  100  m. 

Sargasso  water  profile,  4440  m  bottom,  z,   =  10  m. 

Sargasso  water  profile,  4440  m  bottom,  z,   =  100  m. 

Sargasso  water  profile,  4440  m  bottom,  z,   =  750  m. 

Sargasso  water  profile,  4440  m  bottom,  z,   =  3000  m. 
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A.4.1  Upsloping  "Realistic"  Sediment,  Sargasso  and  Slope  Sound  Speed  Profiles 

Calculations  in  this  section  were  run  with  the  "realistic''  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
0  =  .9  dB/A,  Cv/q,  -  1.017,  dc/dz  =  1.227  sec-1,  and  z,ed  =  100  m.    Runs  were  computed  with  sloping 
topography  having  various  constant  values  of  Az/Ar. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.4.1.1)  Sargasso  sound  speed  profile,  z,  —  10  m,  /  =  100  Hz,  Az/Ar  =  .001. 
Figure  A.4.1.2)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  100  Hz,  Az/Ar  =  .002. 
Figure  A. 4. 1.3)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  100  Hz,  Az/Ar  =  .003. 
Figure  A. 4. 1.4)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  100  Hz,  Az/Ar  =  .004. 
Figure  A. 4.1.5)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .001. 
Figure  A. 4. 1.6)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .002. 
Figure  A. 4. 1.7)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .003. 
Figure  A. 4. 1.8)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .004. 
Figure  A. 4. 1.9)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A.4.1. 10)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .006. 
Figure  A.4.1. 11)  Sargasso  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .007. 
Figure  A.4.1. 12)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .002. 
Figure  A.4.1. 13)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .003. 
Figure  A.4.1. 14)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .004. 
Figure  A.4.1. 15)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A.4.1. 16)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .006. 
Figure  A.4.1. 17)  Slope  sound  speed  profile,  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .007. 


288 


A.4.2  Downsloping  "Realistic"  Sediment,  Sargasso  Sound  Speed  Profile 

Calculations  in  this  section  were  run  with  the  "realistic''  set  of  sediment  parameters,  p  =  1.352  gm/cm3, 
(3  -  .9  dB/A,  Cv/ct,  =  1.017,  dc/dz  =  1.227  sec-1,  and  z,ed  =  100  m.    Range-independent  Sargasso  water 
sound  speed  profile;  downsloping  topography  with  various  constant  values  of  Az/Ar. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.4.2. 1)  z,  =  10  m,  /  =  25  Hz,  Az/Ar  =  .002. 
Figure  A. 4.2.2)  z,  =  10  m,  /  =  25  Hz,  Az/Ar  =  .003. 
Figure  A.42.3)  z,  =  10  m,  /  =  25  Hz,  Az/Ar  =  .004. 
Figure  A.42.4)  z,  =  10  m,  /  =  25  Hz,  Az/Ar  =  .005. 
Figure  A. 4.2.5)  z,  =  10  m,  /  =  25  Hz,  Az/Ar  =  .006. 
Figure  A4.2.6)  z,  =  100  m,  /  =  25  Hz,  Az/Ar  =  .005. 
Figure  A.42.7)  z,  =  750  m,  /  =  25  Hz,  Az/Ar  =  .005. 
Figure  A4.2.8)  z,  =  3000  m,  /  =  25  Hz,  Az/Ar  =  .005. 
Figure  A. 4.2.9)  z,  =  10  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A.4.2. 10)  z,  =  100  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A.4.2. 11)  z,  =  750  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A42.12)  z,  =  3000  m,  /  =  50  Hz,  Az/Ar  =  .005. 
Figure  A.4.2. 13)  z,  =  10  m,  /  =  100  Hz,  Az/Ar  =  .005. 
Figure  A42.14)  z,  =  100  m,  /  =  100  Hz,  Az/Ar  =  .005. 
Figure  A.42.15)  z,  =  750  m,  /  =  100  Hz,  Az/Ar  =  .005. 
Figure  A4.2.16)  z,  =  3000  m,  /  =  100  Hz,  Az/Ar  =  .005. 
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A. 4. 3  Test  of  Sensitivity  to  c^/cb.  Sargasso  Sound  Speed  Profile,  Flat  Topography- 
Calculations  in  this  section  were  run  with  sediment  parameters,  p  =  1.352  gm/cm3,  /3  =  .9  dB/A,  and 
dc/dz  =  1.227  sec-1.  Typographical  error  caused  z,ej,  to  be  set  more  deeply  than  necessary,  in  view  of  the 
discussion  in  chapter  3.  Various  values  of  Cw/cb  were  used,  frequencies  of  25  and  50  Hz,  source  depths  of  10  and 
100  m.  Range-independent  Sargasso  water  sound  speed  profile;  downsloping  topography  with  various  constant 
values  of  Az/Ar. 
Each  page  contains  the  following  plots: 

a.  Contours  of  propagation  loss  over  the  first  50  km. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d  Propagation  loss  at  1000  m  receiver. 

Figure  A43.1)  z,  =  100  m,  /  =  25  Hz,  c^/cj,  =  1.01. 
Figure  A43.2)  z,  =  100  m,  /  =  25  Hz,  c^/q,  =  1.02. 
Figure  A.43.3)  z,  =  100  m,  /  =  25  Hz,  c/c*  =  1-03. 
Figure  A. 4.3.4)  z,  =  100  m,  /  =  25  Hz,  c^/cj,  =  1.04. 
Figure  A43.5)  z,  =  100  m,  /  =  25  Hz,  c/q,  =  1.05. 
Figure  A43.6)  z,  =  100  m,  /  =  50  Hz,  c^/ct,  =  1.01. 
Figure  A43.7)  z,  =  100  m,  /  =  50  Hz,  c^/cb  =  1.02. 
Figure  A4.3.8)  z,  =  100  m,  /  =  50  Hz,  Cu,/cb  =  1.03. 
Figure  A4.3.9)  z,  =  100  m,  /  =  50  Hz,  c^/ci,  =  1.04. 
Figure  A4.3.10)  z,  =  100  m,  /  =  50  Hz,  c^/q,  =  1.05. 
Figure  A43.ll)  z,  =  10  m,  /  =  25  Hz,  c^/cj,  =  1.02. 
Figure  A43.12)  z,  =  10  m,  /  =  25  Hz,  c^/q,  =  1.03. 
Figure  A43.13)  z,  =  10  m,  /  =  25  Hz,  c^/cb  =  1.04. 
Figure  A43.14)  z,  =  10  m,  /  =  25  Hz,  c^/cj,  =  1.05. 
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A.4.4  Sound  Speed  Gradient  Discontinuity  Test,  Sargasso  Sound  Speed  Profile 

Calculations  in  this  section  were  run  in  the  Sargasso  profile  with  bottom  at  4440  m  and  /  =  100  Hz,  with 
range  50  km.  Various  highly  artificial  sediment  parameters  were  used,  to  test  the  origins  of  odd  reflected  sound 
beams  obtained  with  a  so-called  "absorbing"  bottom,  which  has  p  —  1.0  gm/cm3,  /3  =  0  dB/A,  c^/q,  =  1.0, 
dc/dz  =  0  sec-1,  and  z,td  =0m  Source  depths  were  z,  =  10  and  100  m.  Tests  with  the  sediment  layer  thick 
but  acoustically  transparent,  to  prove  that  there  was  no  unusual  interaction  with  the  exponential  field  damping 
in  the  artificial  absorbing  layer  applied  below  the  fluid  sediment  layer,  showed  no  change  in  the  reflected  returns. 
Such  a  layer  is  formed  with  the  above  parameters  the  same,  except  z,td  =  250  m.  Normal  step  size  for  these 
100  Hz  calculations  is  dz  =  1.25  m,  dr  =  2.5  m;  tests  with  smaller  step  size  (dz  =  1.0  m,  dr  =  2.0  m)  showed 
that  the  effect  is  not  dependent  on  step  size.  Tests  with  a  negative  gradient  within  the  sediment  dc/dz  =  —  .5 
showed  a  dramatic  increase  of  approximately  25  dB  in  the  reflected  returns.  These  phenomena  are  discussed 
in  Brekhovskikh  (1980,  section  20.5)  and  Rayleigh  (1945,  section  148b). 
Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  100  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  1000  m  receiver. 

Figure  A.44.1)  z,  =  10  m,  dc/dz  =  0  sec-1,  z,ed  =  0  m. 

Figure  A.  4. 4.2)  z,  =  10  m,  dc/dz  =  0  sec"1,  z,ed  =  250  m. 

Figure  A.44.3)  z,  =  10  m,  dc/dz  =  -.5  sec"1,  z,td  =  125  m. 

Figure  A.444)  z,  =  10  m,  dc/dz  =  -.5  sec"1,  z,ed  =  250  nx 

Figure  A.4.4.5)  z,  =  100  m,  dc/dz  =  0  sec-1,  zted  =  0  m. 

Figure  A.44.6)  z,  =  100  m,  dc/dz  =  0  sec"1,  z,ed  =  250  m. 

Figure  A. 4.47)  z,  =  100  m,  dc/dz  =  0  sec-1,  z,td  =  250  m.  Smaller  step  size. 

Figure  A.448)  z,  =  100  m,  dc/dz  =  -.5  sec"1,  z,ed  =  125  m. 

Figure  A.44.9)  z,  =  100  m,  dc/dz  =  -.5  sec"1,  z,td  =  250  m. 
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B.l  AtbenA  QG  Calculations 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.404  gm/cm3, 
(3  =  1.35  dB/A,  Cv/q,  =  0.996,  dc/dz  =  1.71  sec-1,  and  z,ed  =  300  m.  Sound  speed  fields  were  supplied  by 
the  quasigeostrophic  model  alone,  at  depths  of  125,  325,  675,  1375,  2175,  and  2975  m. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  10  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  200  m  receiver. 
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6)  Range  independent  oceanography,  3300  m  bottom,  z,   = 
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8)  Range  independent  oceanography,  3300  m  bottom,  z,   = 
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15)  Range  independent  oceanography,  3300  m  bottom,  z,   = 

16)  Range  independent  oceanography,  3300  m  bottom.  zt   = 
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18)  Range  dependent  oceanography,  realistic  topography,  z, 

19)  Range  independent  oceanography,  3300  m  bottom,  z,   = 

20)  Range  independent  oceanography,  3300  m  bottom,  z,   = 


=  10  m.  /  =  25  Hz. 
=  150  m.  /  =  25  Hz. 
=  500  m.  /  =  25  Hz. 
=  750  m.  /  =  25  Hz. 
10  m.  /  =  25  Hz. 
150  m.  /  =  25  Hz. 
500  m.  /  =  25  Hz. 
750  m.  /  =  25  Hz. 
=  10  m  /  =  50  Hz. 
=  150  m.  /  =  50  Hz. 
=  500  m.  /  =  50  Hz. 
=  750  m.  /  =  50  Hz. 

10  m  /  =  50  Hz. 

150  m.  /  =  50  Hz. 

500  m.  /  =  50  Hz. 

750  m.  /  =  50  Hz. 
=  150  m.  /  =  100  Hz. 

=  500  m.  /  =  100  Hz. 

150  m.  /  =  100  Hz. 

500  m.  /  =  100  Hz. 
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B.2  AthenA  QG-SBL  Calculations 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.404  gm/cm3, 
0  =  1.35  dB/A,  Cv/ct  =  0.996,  dc/dz  =  1.71  sec"1,  and  z,ed  =  300  m.  Sound  speed  fields  were  provided  by 
the  six-level  quasigeostrophic  model  at  depths  of  125,  325,  675,  1375,  2175,  and  2975  m;  the  surface  boundary 
layer  model  provided  values  at  depths  of  6,  19,  33,  49,  66,  85,  107,  and  130  m.  Where  the  SBL  level  was  deeper 
than  the  QG  level,  the  SBL  output  was  accepted  in  preference  to  the  QG  value. 
Each  page  contains  the  following  plots: 
a  Sound  speed  contours. 

b.  Propagation  loss  at  10  m  receiver. 

c.  Contours  of  propagation  loss. 

<L  Propagation  loss  at  200  m  receiver. 

Figure  B.2.1)  Range  dependent  oceanography,  realistic  topography,  z,   =  10  m.  /  =  25  Hz. 
Figure  B.2.2)  Range  dependent  oceanography,  realistic  topography,  z,   =  150  m.  /  =  25  Hz. 
Figure  B.2.3)  Range  dependent  oceanography,  realistic  topography,  z,   =  500  m.  /  =  25  Hz. 
Figure  B.2.4)  Range  dependent  oceanography,  realistic  topography,  z,   —  750  m.  /  =  25  Hz. 
Figure  B.2. 5)  Range  independent  oceanography,  3330  m  bottom,  z,   =  10  m.  /  =  25  Hz. 
Figure  B.2.6)  Range  independent  oceanography,  3330  m  bottom,  z,   =  150  m.  /  =  25  Hz. 
Figure  B.2.7)  Range  independent  oceanography,  3330  m  bottom,  z,   =  500  m.  /  =  25  Hz. 
Figure  B.2.8)  Range  independent  oceanography,  3330  m  bottom,  z,   =  750  m.  /  =  25  Hz. 
Figure  B.2.9)  Range  dependent  oceanography,  realistic  topography,  z,   =  10  m.  /  =  50  Hz. 


Figure  B.2. 10 
Figure  B.2.11 
Figure  B.2. 12 
Figure  B.2. 13 
Figure  B.2. 14 
Figure  B.2. 15 
Figure  B.2. 16 
Figure  B.2. 17 
Figure  B.2. 18 
Figure  B.2. 19 
Figure  B.2.20 


Range  dependent  oceanography,  realistic  topography,  z,   =   150  m.  /  =  50  Hz. 
Range  dependent  oceanography,  realistic  topography,  z,   =  500  m.  /  =  50  Hz. 
Range  dependent  oceanography,  realistic  topography,  z,   =  750  m.  /  =  50  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  10  m.  /  =  50  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  150  m.  /  =  50  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  500  m.  /  =  50  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  750  m.  /  =  50  Hz. 
Range  dependent  oceanography,  realistic  topography,  z,   =  150  m.  /  =  100  Hz. 
Range  dependent  oceanography,  realistic  topography,  z,   =  500  rn.  /  —  100  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  150  m.  /  =  100  Hz. 
Range  independent  oceanography,  3330  m  bottom,  z,   =  500  m.  /  =  100  Hz. 
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C.l  Iceland-U.K.  Gap  Region,  Propagation  through  Eddy 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  =  1.60  gm/cm3 
(3  =  4.8  dB/A,  c^/q,  -  1.031,  dc/dz  =  0.5  sec"1,  and  zted  =  5  m. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  10  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  600  m  receiver. 

Figure  C.l.l)  Range  dependent  QG  oceanography,  607  m  bottom,  z,   =   10  m.  /  =  25  Hz. 
Figure  C.1.2)  Atlantic  sound  speed  profile,  607  m  bottom,  z,   =  10  m.  /  =  25  Hz. 
Figure  C.1.3)  Arctic  sound  speed  profile,  607  m  bottom,  z,   =   10  m.  /  =  25  Hz. 
Figure  C.1.4)  Range  dependent  QG  oceanography,  3000  m  bottom,  z,   =  10  m.  /  =  25  Hz. 
Figure  C.1.5)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  10  m.  /  =  25  Hz. 
Figure  C.1.6)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  300  m.  /  =  25  Hz. 
Figure  C.1.7)  Range  dependent  QG  oceanography,  realistic  topography,  z,   —  600  m.  /  =  25  Hz. 
Figure  C.1.8)  Atlantic  sound  speed  profile,  realistic  topography,  z,   —   10  m.  /  =  25  Hz. 
Figure  C.1.9)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  25  Hz. 
Figure  C.l.  10)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  25  Hz. 
Figure  C.l.  11)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  10  m.  /  =  25  Hz. 
Figure  C.l.  12)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  25  Hz. 
Figure  C.l.  13)  Arctic  sound  speed  profile,  realistic  topography,  z,   —  600  m.  /  =  25  Hz. 
Figure  C.l.  14)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  10  m.  /  =  50  Hz. 
Figure  C.l.  15)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  300  m.  /  =  50  Hz. 
Figure  C.l.  16)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 
Figure  C.l.  17)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  10  m.  /  =  50  Hz. 
Figure  C.l.  18)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  50  Hz. 
Figure  C.l.  19)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 
Figure  C.1.20)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  10  m.  /  =  50  Hz. 
Figure  C.1.21)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  50  Hz. 
Figure  C.1.22)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 
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C.2  Iceiand-U.K.  Gap  Region,  Propagation  across  Front 

Calculations  in  this  section  were  run  with  the  following  set  of  sediment  parameters,  p  —  1.60  gin/cm3, 
P  =  4.8  dB/A,  c/cj  =  1.031,  dc/dz  =  0.5  sec"1,  and  zted  =  5  m. 
Each  page  contains  the  following  plots: 

a.  Sound  speed  contours. 

b.  Propagation  loss  at  10  m  receiver. 

c.  Contours  of  propagation  loss. 

d.  Propagation  loss  at  600  m  receiver. 

Figure  ^.2.1)  Range  dependent  QG  oceanography,  734  m  bottom,  z,    —   10  m.  /  =  25  Hz. 

Figure  C.2.2)  Atlantic  sound  speed  profile,  734  m  bottom,  z,    =   10  m.  /  =  25  Hz. 

Figure  C.2.3)  Arctic  sound  speed  profile,  734  m  bottom  z,   =   10  m.  /  =  25  Hz. 

Figure  C  2.4)  Range  dependent  QG  oceanography,  3000  m  bottom,  z,   =   10  m.  /  =  25  Hz. 

Figure  C.2.5)  Atlantic  sound  speed  profile,  3000  m  bottom,  z,   =   10  m.  /  —  25  Hz. 

Figure  C.2.6)  Atlantic  sound  speed  profile,  3000  m  bottom,  z,   =  300  m.  /  =  25  Hz. 

Figure  C.2.7)  Atlantic  sound  speed  profile,  3000  m  bottom,  z,   =  600  in.  /  =  25  Hz. 

Figure  C.2.8)  Arctic  sound  speed  profile,  3000  m  bottom,  z,   =   10  m.  /  =  25  Hz. 

Figure  0.2.9)  Arctic  sound  speed  profile,  3000  m  bottom,  z,   =  300  m.  /  =  25  Hz. 

Figure  C.2. 10)  Arctic  sound  speed  profile,  3000  m  bottom,  z,   =  600  m.  /  =  25  Hz. 

Figure  C.2. 11)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  10  m.  /  =  25  Hz. 

Figure  C.2. 12)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  300  m.  /  =  25  Hz. 

Figure  C  2.13)  Range  dependent  QG  oceanography,  realistic  topography,  z,   —  600  m.  /  =  25  Hz. 

Figure  C.2. 14)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  10  m.  /  =  25  Hz. 

Figure  C2.15)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  25  Hz. 

Figure  C.2. 16)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  25  Hz. 

Figure  C.2. 17)  Arctic  sound  speed  profile,  realistic  topography,  z,   —   10  m.  /  =  25  Hz. 

Figure  C.2. IS)  Arctic  sound  speed  profile,  realistic  topography,  z,    =  300  in.  /  =  25  Hz. 

Figure  C.2. 19)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  25  Hz. 

Figure  C.2.20)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  10  m.  /  =  50  Hz. 

Figure  C.2.21)  Range  dependent  QG  oceanography,  realistic  topography,  z,    =  300  m.  /  =  50  Hz. 

Figure  C.2.22)  Range  dependent  QG  oceanography,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 

Figure  C.2. 23)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =   10  m.  /  =  50  Hz. 

Figure  C.2.24)  Atlantic  sound  speed  profile,  realistic  topography,  z,   -—  300  m.  /  =  50  Hz. 

Figure  C.2.25)  Atlantic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 

Figure  C.2.26)  Arctic  sound  speed  profile,  realistic  topography,  z,    =   10  m.  /  =  50  Hz. 

Figure  C.2. 27)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  300  m.  /  =  50  Hz. 

Figuie  C.2.28)  Arctic  sound  speed  profile,  realistic  topography,  z,   =  600  m.  /  =  50  Hz. 
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